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I  INTRODUCTION  AND  SUMMARY 


The  use  of  cost-effectiveness  analysis  and  other  advanced  techniques 
of  economic  analysis  is  becoming  increasingly  important  in  evaluating  the 
merit  of  civil  defense  programs.  Such  analyses  are  usually  difficult  to 
prepare  both  because  of  problems  in  selecting  proper  criteria  for  evaluat¬ 
ing  effectiveness  and  because  of  difficulties  in  computing  a  numerical 
value  for  the  effectiveness  of  proposed  programs.  The  purposes  of  this 
report  are,  therefore,  to  present  a  method  that  c3n  be  used  to  compute  a 
numerical  value  for  warning  system  effectiveness,  to  Bhow  how  to  compute 
warning  system  effectiveness  using  the  method,  and  to  describe  the  as¬ 
sumptions,  computations,  and  data  that  lie  behind  the  techniques  presented. 

This  Introductory  section  describes  the  evaluation  criterion  selected 
and  shows  how  the  criterion  is  related  to  warning  system  performance.  A 
sot  of  charts  and  worksheets  is  presented  in  the  second  section.  The  re¬ 
mainder  of  the  report  presents  instructions  on  the  use  of  Lhe  charts  and 
the  worksheets,  and  gives  an  example  of  the  use  of  a  numerical  measure  of 
effectiveness.  The  appendix  describes  the  mathematical  model  that  was 
used  to  gonorate  the  charts. 


Choice  of  an  Evaluation  Criterion  for  Warning  Systems 

Civil  defense  programs  are  established  to  save  lives  in  case  of 
uttack.  Therefore,  a  frequently  used  measure  of  the  effectiveness  of  a 
civil  defense  system  is  the  number  ol  lives  that  could  bo  saved  with  the 
implementation  of  the  system.  However,  lor  the  design  and  evaluation  of 
the  subsystems,  l.e.,  warning,  shelter?,  etc.,  that  muke  up  completo  sys¬ 
tems,  other  monsur«n  may  be  established  which  m»y  oe  easier  to  use  and 
which,  if  used  to  optimize  system  performance ,  will  usually  result  in  the 
optimization  of  the  performance  in  terms  of  the  more  desirable  measure  of 
lives  saved. 


The  inaction  oi  t ho  population  in  shelter  before  fallout  arrives  has 
been  selected  in  this  analysis  us  a  measure  of  the  effectiveness  for  warn¬ 
ing  systems.  It  ia  assumed  thst  the  number  of  lives  saved  will  be  related 
to  the  fraction  of  the  population  in  shelter,  and  that  maximizing  the 
fraction  In  shelter  will  thcrufoie  also  generally  maximize  the  mentor  of 
llvos  saved  in  i,  fullout-sholtor-bused  civil  defense  program.  Tie  abbre¬ 
viated  ter®  'fraction  oi  the  population  in  shelter''  is  ufled  throughout  the 
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remainder  of  this  report,  and  implies  that  the  fraction  is  measured  at 
the  time  that,  fallout  arrives.  in  other  words,  if  the  people  are  better 
off  inside  the  shelters  that  have  been  provided  them,  the  value  of  the 
warning  system  may  be  measured  by  the  degree  to  which  the  system  allows 
utilization  of  the  shelters  provided. 

Choice  of  the  time  at  which  fraction  of  the  population  in  shelter 
is  to  be  measured  is  complicated  by  great  uncertainty  as  to  the  expected 
allocation  of  nuclear  weapons  to  targets  and  as  to  their  arrival  times 
on  target.  It  is  known,  however,  that  the  first  fallout  from  a  nuclear 
explosion  will  arrive  on  the  ground  about  30  minutes  after  the  explosion. 
For  planning  purposes,  it  has  therefore  been  assumed  that  all  metropoli¬ 
tan  areas  are  potential  targets,  or  are  near  potential  targets  for  attack, 
and  that  the  time  available  for  warning  the  population  of  these  metropoli¬ 
tan  areas  and  for  moving  them  to  shelter  is  30  minutes  plus  any  time  in 
advance  of  the  detonation  in  which  the  warning  is  received.  It  has  fur¬ 
ther  been  assumed  for  planning  purposes  that  nonurbanized  areas  will  not 
be  subject  to  nearby  nuclear  detonations,  but  that  these  areas  are  sub¬ 
ject  to  a  fallout  threat.  Since  the  nonurbanized  areas  are  not  near  the 
explosions,  it  has  been  assumed  that  the  fallout  will  require  at  least 
60  minutes  to  reach  the  nonurbanized  area,  and  that  the  time  available 
to  reach  shelter  will  be  60  minutes  in  addition  to  any  advance  warning 
before  detonation.  These  times,  30  minutes  for  urbanized  areas  and 
60  minutes  for  nonurbanized  areas,  plus  any  advance  warning  of  the  deto¬ 
nation,  are  the  times  at  which  the  fraction  in  shelter  h a:  beer,  measured. 

V/hile  the  traction  of  the  population  in  shelter  before  fallout  ar¬ 
rives  is  potentially  a  complete  description  of  warning  system  performance 
in  terms  of  the  contribution  of  the  warning  system  to  the  life-saving 
potential  of  civil  defense,  two  areas  of  performance  have  been  omitted 
in  the  method  for  computing  the  measure.  Warning  system  survivability 
effects  arc-  not  included  in  the  computations  because  the  attacks  under 
which  the  warning  system  must  operate  are  so  varied  and  so  uncertain 
that  the  reduction  of  the  coverage  to  that  which  might  be  expected  over 
a  range  of  attacks  would  contain  such  a  large  uncertainty  as  to  mask 
other  warning  system  perfor  ince  features.  The  risks  of  false-alarm  and 
no-alarm  failures  (due  either  to  equipment  failure  or  to  overt  action) 
are  quite  uncertain,  as  is  the  effect  of  such  failures  upon  subsequent 
operation  oi  the  warning  system.  In  the  comparison  of  alternative  warn¬ 
ing  systems,  therefore,  these  two  areas  should  be  subjected  to  separate 
analysis , 
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Relat.onship  Between  Warning  System  Perl ormanco  and  Fraction  ol  the  Popu¬ 
lation  !n  Shelter 

A  discussion  of  the  relationship  between  system  poriormance  and 
fraction  in  shelter  introduces  the  illustrations  and  examples  of  the  use 
of  fraction  of  the  population  in  shelter  and  summarizes  the  detailed  de¬ 
velopment  of  the  measure  described  In  the  appendix.  This  introduction 
and  summary  describes  the  nature  of  warning,  how  it  is  transmitted,  and 
how  warning  systems  are  specified.  There  follows  a  description  of  an 
individual's  actions  between  the  time  the  alert  signal  sounds  and  the 
time  that  Individual  arrives  in  shelter.  The  variations  in  the  times  re¬ 
quired  for  these  individual  actions  and  the  factors  affecting  the  times 
required  are  examined.  Finally,  the  way  in  which  the  fraction  of  the 
population  in  shelter  depends  upon  the  warning  system  specifications  is 
shown . 

Civil  defense  attack  warning  may  be  thought  of  as  a  public  alerting 
signal  followed  by  a  verbal  confirmation  of  the  alert.  TTie  alerting  sig¬ 
nal  may  be  generated  by  an  outdoor  siren,  by  a  radio  loudspeaker,  or  by 
any  other  noisemaker  that  is  capable  of  attracting  public  attention. 

While  many  combinations  of  noisemakers  and  massage  delivery  devices  are 
available,  only  a  limited  number  have  been  considered  as  having  a  useful 
application  to  civil  defense  warning.  For  convenience,  the  combination 
of  the  method  for  delivering  the  alert  signal  and  the  method  for  deliver¬ 
ing  the  voice  message  is  called  a  mode.  Four  modes  are  considered.  They 
are  called:  Radio  Warning,  Indoor  Alerting,  Siren  Alerting,  and  No  Alert¬ 
ing.  The  sources  of  the  alerting  signal  and  the  confirming  message  ior 
each  mode  are  shown  in  Table  1. 

Warning  systems  may  then  be  described  as  collections  of  hardware  and 
procedures  associated  with  warning  the  public  by  one  or  more  of  these 
modes.  The  performance  of  each  mode  may  be  specified  in  terms  of  cover¬ 
age,  response  time,  and  reliability.  Coverage  is  the  fraction  of  the 
population  that  can  be  warned  by  the  mode;  response  time  is  defined  as 
the  time  between  initiation  of  the  national  warning  at  the  National  Warn¬ 
ing  Center  and  the  beginning  of  the  alert  signal  sound;  and  reliability 
is  the  factor  to  which  coverage  must  be  reduced  because  of  inoperative 
equipment  in  the  system  when  the  warning  is  to  be  sent  out. 

Consider  the  individual  who  is  within  the  range  of  the  alerting  sig¬ 
nal.  Before  he  arrives  in  shelter,  he  will  have  performed  three  distinct 
kinds  of  activities. 

The  first  set  of  activities  will  be  to  hear  the  signal,  to  recognize 
the  signal ,  to  interpret  the  meaning  of  the  signal ,  to  seek  verification 


3 


-rw.  nip* 


fable  1 


CIVIL  DEFENSE  WARNING  MODES 


Name  of  Mode 


1.  Radio  Warning 


2.  Indoor  Alerting 


Source  of 
Alerting  Signal 

Radio  warning 
receiver 

Indoor  alerting 
device  (NEAR  or 
radio  alert-only 
receiver) 


Source  of 
Confirmation 

Radio  warning 
receiver 


Commercial  radio 


3.  Siren  Alerting 


Outdoor  sirens 


Commercial  radio 
or  TV 


4.  No  Alerting 


Accidental ,  word- 
of-mouth,  etc. 


Commercial  radio 
or  TV 


of  the  validity  of  the  signal,  and  to  decide  to  act  in  response  to  the 
signal.  This  set  of  actions  is  called  the  alert  vcriiication  piv.ecc-., 
and  the  time  required  to  complete  the  process  is  called  the  alert  veri¬ 
fication  time. 

The  second  set  of  activities  that  the  individual  must  complete  is 
that  of  gathering  personal  clothing,  blankets,  and  other  items  to  be 
taken  to  the  shelter,  and  of  securing  his  residence  beiore  leaving.  This 
process  Is  c.' lied  movement  preparation,  and  the  time  required  iu  complete 
it  is  called  the  movement  preparation  time. 

Finally,  the  individual  must  travel  whatever  distance  is  required 
to  reach  a  fallout  shelter.  Ihis  travel  process  is  called  movement  to 
shelter,  and  the  cime  required  to  complete  it  is  called  movement  time. 

It  may  easily  be  seen  that  the  movement  time  for  all  individuals  will 
not  be  the  same,  since  everyone  will  not  be  located  at  the  same  distance 
from  the  shelter  when  he  begins  his  move.  The  movement  times  lor  u  group 
of  persons  must  be  described  by  a  distribution  of  movement  times  for  the 
group.  Such  a  distribution  would  be  a  table,  curve,  or  formula  describ¬ 
ing  the  numbers  of  persons  who  would  require,  say,  exactly  10  minutes  to 
complete  their  move,  11  minutes  to  complete  their  move,  and  so  on  ior 


Table  1 


CIVIL  DEFENSE  WARNING  MODES 


Name  of  Mode 


1.  Radio  Warning 


2.  Indoor  Alerting 


3,  Siron  Alert Ing 


4 .  No  Alerting 


Source  ol 

Alerting  Signal 

Radio  warning 
receiver 

Indoor  alerting 
device  (NEAR  or 
radio  alert-only 
receiver ) 

Outdoor  a irons 

Accidental  word 
of-mouth,  etc, 


Source  ol 
Conf irmation 


Radio  warning 
receiver 

Commercial  radio 
or  TV 


Commercial  radio 
or  TV 

Commercial  radio 
or  TV 


ol  the  validity  of  the  signal,  and  to  decide  to  ucl  In  response  to  the 
signal.  Thin  not  of  nctlona  la  called  the  alert  veri  1  leu  tlon  piut.ui.if, 
and  the  time  required  to  complete  the  process  la  called  the  alert  veri¬ 
fication  l  into  . 

Tli«  •("culld  nut  of  activities  that  the  Individual  must  complete  la 
thu  l  ol  gathering  personal  clothing,  Mulikelli,  and  iill.rl'  lluina  le  he 
taken  to  the  shelter,  and  of  securing  his  residence  bulora  leaving.  Tlil» 
process  Is  called  movement  preparation,  and  the  time  required  t«.  <•<_■<■?;  i  c  tc- 
it  is  called  the  movement  preparation  lime. 

Finally,  the  Individual  muni  travel  whatever  distance  Is  required 
to  reach  a  lalloul  shelter,  This  travel  process  la  culled  movement  to 
shelter,  nr,d  the  time  required  to  complete  it  Is  culled  movement  time. 

It  may  easily  be  seen  that  the  movement  lime  lor  uJ 1  individuals  will 
not  be  thu  same,  nines  everyone  will  not  bo  located  at  thu  same  distance 
from  the  shelter  when  hs  begins  his  novo,  Hie  movement  limes  for  a  group 
of  persons  must  be  described  by  u  d  itrilnUlon  of  movement  times  for  thu 
group.  Such  a  distribution  would  be  a  table,  curve,  or  formula  doncrlb- 
lng  the  numbers  of  persons  who  would  require,  say,  exactly  ID  minutes  to 
complete  their  move,  11  minutes  to  complete  their  move,  and  so  on  for 


each  alruvu  interval  In  the  range  oi  travel  tlmu*.  The  distribution  oi 
movement  times  might  also  be  described  by  a  cumulative  distribution ,  tliut 
ia,  a  table,  curve,  or  formula  that  describes  the  numbori  oi  persons  *hu 
would  require,  say,  10  minutes  or  leas  to  complete  their  move,  11  m  ules 
or  less  to  complete  their  move,  and  so  on  tor  each  time  within  the  range. 

Similarly,  not  all  persona  will  require  the  asoe  amount  ol  time  lor 
alert  verification  nor  will  all  require  the  same  amount  of  tine  for  move¬ 
ment  preparation.  Theft"  times  must  also  be  described  in  terms  ol  their 
distribution  for  s  large  group  of  persons. 

For  a  single  individual,  the  time  between  tha  start  of  the  alert 
signal  and  his  arrival  in  shelter  could  bo  fount!  by  adding  bis  alert 
verification  time,  movement  preparation  time,  and  movement  time.  Find¬ 
ing  the  number  of  persona  in  shelter  before  a  glvon  time,  however,  in¬ 
quires  Uu.  t  statistical  techniques  tie  upplird.  Using  these  techniques 
it  in  possible  to  find  Iho  expected  number  lit  shelter  si  any  time  lim 
the  distributions  of  the  verification,  preparation,  and  awvament  r tarns, 

Tile  relationship  between  t  lie  warning  aye  tern  performance  slid  the 
fraction  of  the  popwl  a  1 1  on  in  shelter  depend*,  first,  upon  t  lie  response 
time  of  the  various  modus  of  the  warning  system,  i.lieli  upon  the  relation¬ 
ship  of  the  alert  verlf lustlon  ,  movement  preparation,  and  tmivenent  time 
dl  n  t  r  1  bu  t  ions  to  the  porformaln  e  of  the  warning  system  modes. 

The  response  lime  of  the  warning  system  mode  reduces  llie  iimuuni  of 
l  1  mo  available  for  Die  |H»pU  i  a  1  i  oil  to  Instil  shelter  liefoin  tlie  fallout 
ari'van,  For  example.  In  an  ii I'bsiii /.ed  aieu,  fallout  will  arrive  .10  min 
Ulna  after  impsi  l  ,  and  warning  an  rnui  it  as  lb  ml  ihi  lea  ill  ndvaiu  n  of  Die 
detonation  may  tie  available.  A  system  with  a  b-tniliUL»  response  time  would 
allow  do  minutes  lo  reach  simitar,  one  with  111  minutes  leaponae  l  line  would 
alloy,  out)  ;ir.  minutes,  and  so  on. 

Tile  elect  Vet  I  f  I  cs  I  I  on  lit-CK  X'JjJ  he  pl'iinMi  1  J  y  iio|idiiiiomi  iiji-ui  I  Ijc 
mml«  iif  warning.  The  superlur  suillnlllly  slid  <J  t  at  i  m  1 1  veliusa  of  the 
alert  signal  from  the  radio  warning  receiver,  together  with  Die  so i  m*n 1 1 , 
brusdcaat  or  the  confirming  volte  massage,  result  in  any  given  inn  lion 
of  t  tie  t  ad  lo-ws  rued  population  having  iHimplnted  Dm  verification  pro,  dm 
In  a  simile i  lime  Dibii  by  any  other  mode.  Hie  rank  <>!  speed  of  responses 
to  Die  modes  isl  fastest,  radio  warning;  Meal  fastest,  Indoor  alerting, 
lies  t  ,  siren  alerting;  least  fact,  llu  alerting.  A  range  ol  alell  Verifi¬ 
cation  reepunams  Is  considered  fin  aliens.  'this  range  Is  iieuessaiy  i  >> 
cause  civil  Uvfunnu  siren  signals  mu  imi  d  I  at  I  net  i  v  •»■--- 1  h»*y  may  lie  mis 
taken  for  nIibiis  on  emergency  vuhlilun,  Hie  lime  lequlied  to  recognise 
thu  signal  may  bu  reduced  by  increased  awureiiuae  till  Die  part  of  Die  public 
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either  because  of  an  international  trials  condition  or  bocauso  o 1  higher 
level*  of  effort  to  Inform  tho  public  about  civil  or  Ho ,  Vcrilicullon 
of  airen  alerting  signals  can  aiao  be  speeded  up  by  providing  prompt 
radio  broadcast  massages  following  these  aignals.  The  combination  ol 
public  awareness  of  the  sirens  and  the  radio  support  to  sirens  givos  rtau 
to  caSsa  of  siren  ef foctlvonosa  within  the  range  of  alert  vofll leal  Ion 
time  for  alrons. 

Tho  moveiie'it  preparation  tluu  is  nut  considered  to  be  ntlnctud  b> 

Die  mode  of  warning,  nor  by  any  other  foaturu  of  warning  system  purlor- 
malice . 

The  movement  time  ill  at)’  1  but  ions  depend  upon  the  number  and  location 
of  ahnllar  spaces  relative  to  the  number  and  location  of  the  people  whom 
these  shellfire  ore  to  protect.  Since  these  factors  bio  expected  to  change 
over  time,  two  ina.Jol  cases  have  htion  anal  y/.ad--uiiu  foi  the  1'euldeiiL  popu¬ 
lation  ns  determined  by  Hie  1HUU  cenaua  slid  the  location  of  the  shelter 
spates  iliet  existed  In  Januniy  11105,  which  In  lulled  the  existing  abettor 
posture;  the  other  for  the  population  distribution  projected  for  Die  1(170 
census  nisi  the  number  and  loiatlon  of  aheller  spaces  uxtsllng  after  the 
1  mpl  ontuti  t  a  l  1  on  of  a  shulloi  dove]  ii|imeiit  program  with  federal  funds.  Tills 
auciuid  situation  In  called  Die  ltlfO  shelter  poature. 

Movement  lima  dl atriliut Inns  aa  wall  aa  fallout  arrival  times  will  be 
d  1  r  r  <>  I  till  '  Tin  Ul  IibiiI  ».et|  Slid  fill  IIOIIUI  hull  I  /  nil  sleun,  further,  IiblrUSo 
lllbli  ale  dllleieuiup  tislweuli  the  <1  t  s  I  I  I  I'll  I  1  nil  of  iieopl  n  amt  shelters 
within  iiil.iniilf.pii  ureuB,  n  (list  liicl  Ion  is  made  between  central  illy  and 
U I  hall  fl  Inge  si  ess  ol  u I  Iisii  1  fed  arena,  A  major  lil  enkilown  of  moveinelil 
limes  fill  analysts  will  (helpful  u  tie  made  Imlwuun  celilrul  fit  ties,  urban 
(  i  luge  arena,  and  lioiiu  i  ban  I  f  nil  areas. 

Ilios  ,  a  1  veil  a  (iimplelu  nlinltpi  sllualluii  iiihIui  wlil'li  to  evaluate  a 
pniiliului  syalam,  ll  Mny  lie  anon  l»is(  the  fraction  of  tho  population  In 
alia!  ter  before  fallout  arrives  la  dependeiil  U|*uh  the  response  lime  of 
emui  •<>'  t  h»  mount.  ui  the  wniuing  ayaian  ami  upon  tile  envoi  age  Of  each  of 
Die  modes  inn  king  Up  Ilia  War  nf  tig  system  In  central  elites,  urban  fringe 
ul  USB,  ulul  hunu  imnlfuil  si  can. 

Conditions  lindei'  Which  Warning  fly  a  I  urns  Miiy  !lo  Kvnluuled 

In  older  to  preserve  the  usability  of  the  fraction  of  Die  population 
In  aliullei  as  a  measure  of  uf  f  oc  1 1  Vei.es  a ,  and  to  limit  the  scope  of  the 
dev  el  ti|imsn  l  uf  the  measure,  fraction  In  shelter  tali  lie  Computed  fur  unly 
a  lltrn lad  number  of  conditions  and  training  motion.  While  it  is  believed 


that  the  applicability  of  the  computation  1  h  muJ  f  lclcnt  1  y  broad  to  handle 
almost  any  problem  that  may  artgg,  it  la  never thuiuss  uucussui  y  tu  dcNrribo 
thuau  Halts. 

First,  only  tho  lour  warning  modes  doacrlbud  above  can  bu  uvu i uu tod . 
Since  siren  alerting  and  no  alerting  predominate  in  thu  existing  system 
and  since  this  study  has  been  evade  to  support  analysis  of  radio  warning 
systems,  analysis  of  other  modes  such  as  mobile  loudspeakers  has  been 
omitted.  Alerting  rooultlng  from  the  effects  of  s  nuclear  detonation 
has  also  received  attention  us  a  possible  warning  mode,  but  inclusion  of 
a  mode  based  upon  such  alerting  has  not  boon  possible  within  the  time 
available  for  this  analysis. 

Mince  the  study  is  concerned  with  Indoor  radio  warning,  only  resi¬ 
dent  imputations  have  been  uaed--day t liae  business  populations  are  excluded, 
The  data  on  the  locations  of  resident  imputation  are  vastly  tnoro  abundant 
and  reliable  than  data  on  daytime  population  locations.  Thin  Implies  an 
annunplinn  that  the  attack  would  occur  In  the  late  evening  or  earl j  morn¬ 
ing  hours .  Also  Implied  is  that  everyone  Is  indoors.  liio  likelihood  ol 
attack  occurring  during  the  nighttime  hours  suggested  by  me  Indoor  iual- 
detll  population  Is  subject  tu  prior  determinal  Ion, 

Finally,  population  shelter  dgta  ale  based  upon  the  ooluimlimue 
United  Mtates  (48  stales) . 
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n  computation  of  wakning  system  effectiveness 


The  duel  ts  and  worksheet*  lined  to  compute  the  fraction  of  the  popula¬ 
tion  In  shelter  are  presented  and  described  In  thin  section.  Given  also 
In  thio  suction  are  Instructions  for  using  the  charts  and  worksheets  end 
an  example  further  Illustrating  th»  use  of  the  computational  aid.  Appli¬ 
cations  of  the  uno  of  fraction  in  shelter  prubins'*  of  coat-of f  >»i:  t  lveneaa 
analysts  d'o  presorted  In  Section  III. 

TYio  charts  shown  In  Figures  1-B  represent  tlie  output  of  a  mathemati  ¬ 
cal  model  that  lias  booh  used  to  generate  the  fraction  of  the  population 
In  nhul  tor  on  a  ftiuillon  of  the  Lime  after  the  alert  uigtial  sounds,  Two 
nets  of  ihio  Is  mo  (in  lulled,  one  for  the  existing  shelter  posture  and  one 
for  the  1  li 7 0  shelter  posture,  Each  set  includes  four  chsrtn,  one  for 
each  warning  mode  to  lie  considered;  radio  warning,  Indoor  alerting,  siren 
alerting,  anil  no  alerting.  For  each  mode,  curves  allowing  the  fraction  of 
the  (Kipu  1  a  l  ion  Hi  shelter  an  a  function  nr  vile  time  after  the  alert  sig¬ 
nal  sounds  me  nnown  fur  cuiiLisl  ully,  urban  fringe,  and  nonurhsnlKeri 
area.)  , 


Following  the  'hails  Is  I'lgUI'e  <1,  a  worksheet  fur  computing  the 
fraction  of  the  imputation  in  shelter,  Tin  worksheet  provides  for  an 
ui'deily  a  i  r  a  iigi'isun  t  of  system  environment  and  per  f  oi  nimu  u  dulu,  anu  pre¬ 
sents  (In'  a  I  upn  nuuduil  to  convert  the  various  fragments  of  i  he  population 
she  1  to  red  into  n  olngli*  figure  for  fraction  ul  Die  total  population  in 
Shelter  in  all  areas  and  as  n  laauil  o|  ail  the  mode*  oi  I  lie  warning 
ayslntn.  'Hie  worksheet  la  dlvtdud  Into  Ihlee  pulls,  Fail  I,  Warning 
fly  slum  Environment  ,  loiilaliie  spa' ns  foi  untiles  descilbjng  env  I  ronmwii  la  1 
conditions  pert  I  lien  I  to  the  analysis  cl  all  warning  modes  ill  the  syslta, 
pH  i  i  1 1  1  -  -  >•  ;  r;  i*y  uf  >ivIm  1 1  »•  ov«imi  i.»iiw  ni  !  I;  r  ml,;!  u  t*  of  »l,n  wniiiing 

system  Ulider  analysis,  slid  In  at  I'UC  t  ti  I  oil  so  1 1  ■  m  <  the  cnnl  r  1  lull  lop  of  each 
lit  the  modes  of  the  |mjb  l  u  1  s  t  erl  wsrililig  nynlom  fcompulud  In  Part  MI,  helow) 
may  he  entered  and  compared,  far l  II  iin  luilnn  the  additional  step  from 
Which  the  overall  warning  system  ef  f  in  t  I  veneas  la  dolenninurt.  fail  III 
contains  Lhe  structure  for  detailed  computations  ueiessarv  In  rompuin 
Hie  |Hipul  at  lun  In  shaltei  as  a  result  of  naoli  winning  ss.de,  IVll  Ill 
ciuislala  or  four  sections,  one  fur  evaluating  each  of  the  font  warning 
modes  cunaldureU  in  litis  repurl, 


K 


FRACTION  in  SHELTER  VS  TIME 

EXISTING  SHELTER,  SIREN  ALERTING 

1.0 


.-'XTiON  Of  TX  PCTUUTION  IN  ’HEVTtt 


Figure  5 

FRACTION  IN  S 

1970  SHEI 

1.0 - 7 — — “ 


II 


iiam  Aniiuir 


ACTION  OF  THE  POPULATION  IN  SHELTER 


Wm 

.  S  I 


IrrtorpoJotion  fof  Sireb 
E6tctlvcni»*sl~  Cos*  •  i 


ME  ARSR  ALERT  SIGNAL  STARTS,  min 


riGl'K  9 

WORKSHEET  FOR  EVALUATING  *AWti*vG  SVSTFJJ  F.FFECTIVUrESS 


HART  I.  SARPI1M  SYSTEM  EMYIAONNINT 


A,  Tin*  «'»  - 

().  Fallout  mini  L  i  in  ccnapulat  inn  a 

1,  Tiik  fro*  datactiun  of  atlark  m  liapat  t  nf  aaApona 

it,  Tim*  fro*  dataction  of  attack  to  initiation  of 
warning  aignal  (daetaion  to  earn  llMi 

},  Rraainini  tiiaa  fron  datiaion  to  la^aut 
1 1  ma  1  ainua  line  2) 


LOLIMN  < 
CENTRAL  CITY 
AREA! 

4.  Tina  fro*  impact  to  fallout 

arrival  30. U  ■>" 

J,  Tiara  from  daetaion  to  fallout 
arrival 

(lira  3  plua  lino  4)  *tB‘ 


ratum  t 

UMAR  MIME 
AREAS 


1U,0  win. 


Mill. 


■  n. 

■•a. 

■  in. 


CULUW  > 
MRUMARIZM 
AREAS 


60.  Q  pin. 


PART  II.  f AAKIRC  SYSTEM  EVALUATION  RUMMAflV 

(Raa  (ailaaiag  ikaala  laf  4atotl»4  araluatiaa  *1  aaralaa 
ayataa  a«4«a.  Llat«4  kalaa  t»  i  aaaail)  a  I  tka  avalaaliaa.) 


•aknino  system  nude 


FRACTION  Of  POPULATION 
IN  ARELTZH  MO  NERE 
VANNED  BY  P.ACI)  MOM 


A.  Had io  Warn i iif 
0.  Indoor  Alar  tins 
C.  At  ran  Alartirf 
l).  No  atoning 

E.  Tola)  population  In  ahaliar 
resulting  fro*  this  earning 
ayataa  configuration 

(aua  of  fractions  frost  ilnsa  A,  li,  C,  ana  l*  abova) 


FICL'HE  9  (Cjflimufrf) 


mrt  ill.  otTAiL  or  »ANIIf*C  StSTU  EVAUMTIO* 
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CKHTHAL  riTY 
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ccn  ut§i  t 
uwap  rfUNcr 
AMKaS 


column  , 

NOH/jRBAHIZlD 

ANCA3 


1.  ll**  fra*  decision  lo  fallout  irntu  (fro*  Puri  IB, 

I » n*  *i)  _ _ hi >  u .  _  _  *ln. 

2.  .VTfcirm  res|rui,ip  i  i«.»  ( i  >  r**  (rufi  rf**  r  i  *  i  on  in  warn  in 

beginning  of  cl»tl  » t  k  ri  «*  I  )  _  _  >m  _  mu. 

3,  1 1  m«  refraining  t  o  reAtli  shelter  (jine  I  lad*  IlliF  2)  _  _.  _  *  i  w .  _ _  _  »n. 

4,  fraction  of  radio  warned  population  in  shelter  before 

fallow!  arrival  (I  la  a  radio  warning  fur  appro* 

prints  I  nw  an.  Ifiter  ihefl  with  t  turn  frp*  J  above 
read  fin  tinn  f  r  <oh  ihatt) 

I*  Hidio  warning  cover-**  ■  'frttllon  of  p  pulattnna 

cover  oil  |iy  signal  and  rci  «i»or  d»  at  r  l  hut  ion  ,  r*u  I  l  i  * 
plirrf  by  fail  a  It  I  Illy.  by  ifeal 

6 .  If  jrl  |un  ijf  am  popu  I  al  » mi*  I  n  alia  I  La r  aa  a  result  of  l  ha 
It  I  Mu  I  ua  f  r  tm  r  a<l  i  o  warning  1  I  i  n*  )  I  tan  I  i  nr  4  I 

7.  f  r  at  l  i  on  of  US.  population  maiding  in  aar.  h  aroa 

K*  i  at  ing 
1 0  7  (j 
(X  liar 

(f.roaa  out  inapplicable  lina) 

8 .  fraction  «»t  U,  «S,  popu lal ion  i  n  she  It  a r  ;  n  rarh  are*  a« 
a  r*«ul  l  of  radio  warning  *1  imwlu*  U  l  ne  7  liari  im*  M 

9.  Pratt  ion  of  U.X.  population  in  ahalltr  dua  to  radio 
warning  (hum  of  lint  8,  column*  a,  I),  and  r) 


Q.222  _ 0.2,12 

0,333 _  0.  324 


■  in, 


■  in. 


Sj.itt. 
0.  3*3 


-t,  Indoor  Alerting  Mod* 


COLUMN  a  COLUMN  I 

ckntnal  crrr  uman  rniNCR 

ABEAS  ARMS 


r.oMAft  c 

NONUNBAN  I ZEO 
AHBAM 


1.  T»a»n  fi«im  derision  to  fallout  arrival  (from  Pat  l  1M. 

I  I na  j ) 

2.  Sysla*  response  time  (time  from  decision  lo  warn  lo 
fag  l  fining  ol  alert  at  goal) 

3.  Time  remaining  to  reO'-li  iltrllot  (line  1  itai  1  itia  2) 

4.  Ki o(  li on  of  indoor  -  a |*rt rd  populations  in  shelter 
before  f  a  1  1  nit  arrival.  (Use  indoor  alerting  rhal  l 
for  appropriate  time  are.  Knl#r  chart  with  lima 

from  3  above  read  fieri  ioa  f ror.  chiTt.) 

t».  Indoor  alerting  covoraga  (fraction  of  populations 
Cove-ml  by  aignal  and  recusvar  dt *1 r 1  but  ion .  multi¬ 
plied  by  reliability  by  area) 

0.  Prat: Hon  ol  area  population*  in  shelter  as  a  result 
of  ihe  stimulus  from  indoor  alerting  (line  5  timaa 
line  4) 

7.  Fraction  of  US.  population  residing  in  each  area 

Kxi fling 

1970 

Other 

(Cross  out  inapplufiblo  line) 

8.  Froct  ion  of  U.S,  population  in  shaltar  in  each  area 
a »  a  leault  of  indoor  alerting  stimulus  time  7 
time*  line  6) 

9.  Fraction  of  U.S.  population  in  ahelttr  due  In  in- 
dour  alerting  (*um  of  lino  8.  column*  a,  b,  and  c) 


Min,  ^ 

■in.  __ 

■  in . 

.  mi n .  _ 

min 

.min,  „ 

■» n.  _ 

hill. 

iua _  J2*m  ...  J!J& JL 

0. 333  9. 324  0. 343 
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U  Siren  Alenin*  Ho4< 


co(  mu  • 

COt-UBK  4 

cxAJum  4 

CtNTRAl  CITY 

URBAN  nunut 

HONOMAN 1 710 

ARtAI 

AMAS 

ABC  AN 

1. 

lima  1 1 (Urimw,  la  ('•limit 

arrival  ( frua  Pw r t 

IB 

lime  S) 

Bin. 

mi ». 

2. 

Syamm  rmpotn*  Hm  (liaa 

froa  daciaior.  vo 

aara  U> 

banning  of  •  I  •  r  t  atgnal! 

eifi- 

am . 

3. 

Tiaia  remaining  tu  reach  shelter  (line)  leaa 

1  tne 

7) 

min- 

-r  --  «»n 

am. 

4. 

•Si  ran  HI  fad  l  vanaat  Group 

( sea  chart  below) 

5. 

6. 
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V. 
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lUadl naae 
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•  iranpoi  gloup) 

Indoor  alien  tovnr«|*  (  fret  t  Mm  uf  population  that 
can  hear  sirens  indoor  a,  by  area) 

Fraction  of  area  populul  tone  in  ahe  Iter  m  a  imuU  of 
the  fit  l**j  lu'.  f  r  fee  inren  alert  in*  (llnrfj  liMfi  lirii  ')) 

Fraction  of  li.S  population  residing  in  each  area 

Me  let  m* 

1070 
Of  h  •  r 

(Croaa  out  inapplicable  tine) 
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a  Caaul  t  of  *  J  fen  •  t  o  r  1 1  n*  a  1 1  Mu  I  u  a  (  1  irm  fl  t  >  m*  a  line  7  ) 


Free  lion  of  ll  S 
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IX) 
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Radio  Support  for  .llraaa 
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i 

ii 

in 

IV 

JLilL 
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JL4ft4_. 
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0,  No  Alot  k  in*  Mot  In 


I.  Tirac  (r«*n  i|«N* laicm  is  fallout  err  i  ve|  (  f  rm  Part  IP,  line*  5) 

2  SyuLrrR  ir»pni**n  I  l  Me  ( l  i  me  front  dot.  I  a  ion  to  earn  to 
hr*  i  iim i  n*  of  umri  kfiii  y  nrui mint. nmeu  l  a  ) 

3.  Tim*  remnining  to  teach  fiheltei  (linel  loss  iino  2) 

4 .  Flection  of  population  warned  hv  l  he  No  Ai»rt  mi  U™f#* 

in  F:??cre  fa!  lout  arrival  lii-e.  'Ua«\j,at  t« 

for  no  rltrlina  mode  in  appropriate  time  er*«.  Knter 
chert  with  lime  from  3,  above,  reed  fraction  froai 
curves) 

5.  Fraction  of  populations  not  covered  by  other  warning 
»ode»,  by  area 

6.  Frertinn  of  urea  populations  in  shelter  »ho  di«!  not 
leraivo  alerting  atimulua  (line  5  times  line  4) 

7.  Fraction  of  US  population  rending  in  each  area 

Km  st  in* 

1970 

Other 

(Cron*  out  inapplicable  line) 

8.  Fraction  of  US.  population  in  shelter  in  each  area 
aa  a  result  of  stimulus  Pine  7  times  line  6) 

9.  Fraction  of  U.S.  Population  in  shelter  »ho  hove  been 
warned  bv  the  No  Alot  tine  Mnd*  faiim  of  lin*  0, 
coiumna  a,  6.  and  c) 
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Instructions  fur  lining  the  Worksheet 

To  compute  the  off <j<: 1 1  voiioB *  of  a  warning  system,  the  following 
eight  stepa  must  be  taken,: 

1.  Identify  ‘be  environment  In  which  the  pustulated  warning  system 
must  operate  (Part  I  of  tho  form).  Thu  first  part  of  the  envi¬ 
ronment  analysis  Is  a  statement  of  the  time  era,  whether  1B05 
or  1970.  Ihe  population  and  the  shelter  configuration  ere  de¬ 
termined  by  this  time  era.  The  second  part  of  the  environment 
analysis  is  an  estimate  of  the  time  from  attack  detection  to 
Impact  and  an  estimate  of  tho  time  that  will  be  required  to 
roach  a  decision  to  warn  the  population  after  attack  detection. 

The  final  part  of  tho  environment  analysis  is  the  computation 
of  the  time  from  the  decision  to  warn  to  the  arrival  oi  fullout. 
Tills  la  the  time  available  for  tho  warning  system  components  to 
operate  and  for  tho  population  to  recognise  signals,  prepare  to 
move,  and  move  into  shelter.  The  time  Is  the  time  from  decision 
to  impact  plus  tho  lime  from  impact  to  fallout  arrival  ,  luiis  the 
decision  to  warn  ttm«;  it  la  computed  In  Part  I  of  the  worksheet 
and  then  ontordd  on  line  1  of  Part  III. 

2 .  Estimate  thu  response  tll.io,  l.o.,  tho  tlmu  botwoon  completion 
oi  t,h».  decision  to  warn  and  tho  start  of  tho  alert  signal  lor 
each  warning  sywtum  mode  under  onulyMls.  Enter  on  line  2, 

Part  III. 

3.  Compute  tho  time  between  start  of  alert  signal  and  fallout,  ar¬ 
rival,  indicated  as  "Time  Kumulnlng  to  lleuch  .Shelter"  In  lino  d, 
I'urt  III  ol  the  form.  This  in  the  time  available  for  lliu  popu¬ 
lation  to  recognize  tho  signal,  prepare  to  movu,  and  move  to 
shol tor. 

4.  For  tho  siren  alerting,  a  dotormlnat ion  oi  one  oi  four  Nlron 
effectiveness  cases  Is  to  bo  mude  on  the  basis  of  population 
readiness  and  radio  support  for  tho  siren  system.  Soloct  the 
"LO"  population  readiness  lor  conditions  ol  surprlsu  attuck  or 
for  an  attack  thut  follows  a  very  rapid  buildup  of  tensions, 

on  tho  ordor  of  loss  than  two  days.  For  longer  crisis  buildups 
or  for  a  period  of  time  following  a  concerted  campaign  to  muko 
the  public  aware  of  tho  sirens,  use  tho  "HI  "  public  readiness . 
Similarly,  for  systems  where  the  radio  broadcast  may  not  come 
on  for  bb  much  as  ten  mlnutos  after  the  siren  start,  use  the 
"existing'"  category  of  radio  support;  for  systems  that  tie  in 
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the  radios  where  tmorgonry  hrusdiasln  comment  t*  within  I  wo  min¬ 
utes  of  the  alert  signal  ,  use  the  'i  lose.’  i  sli-giiry,  The  aireli 
response  nitegnry  wilt  usually  ho  the  same  (nr  ull  three  types 
of  arena. 

0.  Oetarslne  1  he  f rat  linn  of  the  population  of  oath  type  nl  urea 

in  shelter  who  were  alerted  hy  uui  h  mode.  Holotl  the  churl  lor 
the  ahsllsr  anti  population  condition  under  whlcn  the  evaluation 
la  being  hade  and  for  the  wainlng  "lode  being  evaluated.  head 
the  I  int’l  Inn  from  the  rurvc  for  each  area  at  the  time  between 
alert  signal  stall  and  fallout  arrival.  he  to  id  this  fraction 
In  the  proper  column  of  the  worksheet. 

Iflisn  reading  the  fraction  in  shelter  for  siren  alerting,  inter' 
polate  between  t|m  edges  of  the  gray  bands  according  to  the 
el  I  eel  1  venose  case,  as  shown  hy  the  diagram  and  formulas  on  the 
siren  alerting  charts. 


6,  ttetermlne  the  warning  coverage  In  oath  of  the  census  arena  for 
each  o /  Die  wainlng  modes .  ’Hie  coverages  of  nil  the  modes  of 
a  warning  system  in  each  urea  type  ahould  Intel  unity,  l.e., 

Ho  one  person  will  bo  covered  hy  more  than  one  mode.  If  modes 
overlap,  give  preference  to  the  faster  one.  Assign  all  popula¬ 
tion  not  covered  hy  other  modes  to  Die  no  electing  tmul.i,  llnier 
these  coverage  duln  In  the  applopl'lute  lino  alio  column  of  the 
worksheet . 

7,  llolurmllto  the  fraction  nl  tiu>  fotnl  population  in  shol lur  an  u 
run'ilt  of  lliti  sllinulua  from  each  of  the  types  of  alerting  anil 
warning  devices  by  following  the  instruct  ions  on  the  worksheet, 

0,  h'nlur  the  insulting  fraction  u  r  the  tola!  pojnilallon  In  shot  lei' 
(in  u  I  vault  ol  the  stimulus  from  ouch  of  the  type*  of  alerting 
and  warning  devices  on  too  summary  section  of  i ho  worksheet 
(Part  XI)  and  «mu  Die  fractions  together  to  obtain  the  fraction 
of  the  total  population  in  shelter  an  a  result  of  the  warning 
system  configuration  undut  evaluation.  Tills  la  the  numerical 
measure  of  of f oc t i venous  that  cun  ho  used  to  ovaluutu  prospec¬ 
tive  systems. 

Evaluation  o f  c  Hypothetical  Warning  Syst em :  An  Example 

To  ill’Jgtrute  the  computation  process  Just  duacribcd,  consider  the 
following  problem  statement; 


Determine  the  of  feet  I vciiosrt ,  )n  terms  of  fraction  of  the  popula- 
tton  in  nho  1  lor  br-fure  fallout  arrival,  of  a  warning  system  con¬ 
sisting  or  outdoor  sirens  in  ail  Incorporated  anti  unincorporated 
planes  with  populations’  over  ZS,D(]Q,  where  the  sirens  are  contrail  y 
colli  rolled  Irua  OCD  warning  center  via  a  nationwide  radio  command 
network .  The  system  la  to  be  evaluated  na  part  of  the  civil  de¬ 
fense  program  that  night  exist  during  tile  1&7G  decade,  following 
the  Implementation  of  a  natlonnldo  shelter  iluvu  1  opmon t  program, 

The  performance  of  the  siren-actuating  system  Is  sucli  that  In 
metropolitan  (urbanised)  areas,  the  activating  signal  reaches 
the  siren  0.4  minute  after  the  signal  Is  sent  out  from  the  warn¬ 
ing  renter,  arid,  In  nonurbsnlzed  arras,  because  of  security  de¬ 
vices  In  the  pysteia,  the  lgnal  will  not  reach  alrene  until 
0.7  minute  aftor  the  signal  Is  sent  mil,  All  sirens  will  re¬ 
quire  1.0  minute  to  come  up  to  apeod  and  reach  full  sound  power 
out  pul . 

bocal  broadcasting  nlallulia  will  be  tied  Into  the  radio  warn¬ 
ing  circuits  so  that  they  begin  broadcasting  emergency  mes¬ 
sages  U  mi  mi  i  e  a  after  the  signal  la  aunt  out  from  the  national 
warning  center. 

for  the  purposes  of  the  evaluation,  assume  IhuL  an  attack  is 
delected  following  a  very  brief  crisis  period.  Detection  Is 
assumed  to  occur  IS  minutes  prior  to  Impact  or  the  weapons, 
nnd,  because  of  the  crisis,  the  decision  to  warn  the  |Xjpu lu¬ 
ll  on  occurs  in  negligible  time. 

Hltop  1 

Knter  ltfVO  In  Part  IA.  fcn tor  thn  data  frost  the  laBt  paragraph  of 
i.h*;  problem  .lulonmii  in  »*nrt  111  of  the  worksneot,  and  compute  the  time 
from  decision  to  warn  to  fallout  arrival.  Part  1  of  thn  worksheet  should 
now  look  like  this; 


•UlifcNim  dm  l,V/\|.l'AI  I  (to  MlflMI  hHW.I  IVhflfc.Vi 
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Use  Purl  II1C  of  tile  worksheet  to  compute  thu  el  focllvoiioMM  of  I )i.< 
siren  mode ,  Line  1  In  Die  name  an  At  liu  5  <>l  Purl  III,  On  lino  2  In  shown 
tlinr  system  reriporiso  lime  of  1  .  -1  minutes  for  cyiitruf  el  lien  and  their 
urban  fringes,  obtained  b_v  adding  the  0.4  minute  i«r  the  ilgr.ai  to  reach 
Uiu  a i i  on  i  rum  the  warning  cuntor  end  the  1.0  minute  for  thu  siren  engine 
to  much  Hu  operating  spaed.  Likewise,  the  response  tlmo  In  nonurban- 
lztid  urean  1m  1.7  minutes. 


Stop  3 

Lino  3,  the  time  from  nlort  signal  start  to  rollout  arrival ,  i»  now 
computod  hy  Bubtractlng  ling  2  from  line  1.  Part  IIIC  should  now  look 
llko  this; 
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Ntap  4 

It  t  no  -I  should  noxl  1((>  complelud  to  slum  Dint  Iho  ulrnn  t>  1 1  oi  l )  vciiuh  n 
Culm  in  11,  soli'ctod  from  tliu  table  with  1.0  public  roMJWiuoh  (duo  to  t  lu» 
rapid  irlsiw  buildup)  but  close  radio  uupihii'i  (ladlu  bioadcaota  tlud  lulu 
an  on  activation  uystom)  an  follows: 
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Now,  from  tbo  cnart  for  1070  aiiulter  ponturo  and  alron  alerting, 
dntormlno  In  tlio  following  murmur  the  fraction  of  tho  alruii-ulor tod 
population  in  shelter  before.  fallout  arrive*; 


For  nontrnl  c.tlcs,  tho  rahge  i  >f  fraction  In  shelter  it  I  43.  6  minutes 
in  0.900  tn  o.9'14.  T1u»  inset  figure  on  the  chart  shows  that  eftec.iivo- 
liuas  group  IX  la  found  by  adding  1  /.I  of  tilt)  Height  of  the  tango  to  the 
lower  edge,  Since  the  height  of  tb*  range  }«  0,044,  the  fraction  in 
(•bolter  for  a  group  11  of f ectivanesit  in  0,000  •*  0,16,  or  0.915.  Fntor 
this  value  In  column  a,  lino  6,  no  shown  below ,  Ualrig  Ihu  ouno  proi  o- 
dtiio,  determine  tho  Traction  of  tho  urban  fringe  and  nonurbunlsod  area 
populations  in  who] tor.  Bi tor  Ihcao  values  on  line  6,  columns  a,  h, 
and  c,  so  follows; 
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From  the  problem  statement  that  outdoor  siren  coverage  exists  in 
all  places  wli.li  a  population  grenler  tlisn  2, ODD  persons,  estimate  the 
indoor  Miron  -'ovorugu  for  the  ureas  ill  Ihu  following  manner. 


Control  Cllias.  From  tho  census*  definition  of  u  central  city  ■*  a 
place  bn V lug  a  population  el  60,000  or  more,  li  central  ultras  la  x  into 
ttie  cstngary  of  places  having  a  population  over  2,300  persons.  Outdoor 
coverage  is  therefore  100%  in  central  Indoor  coverage  is  u«bl- 

timlly  ostlmalod  at  30%  of  the  outdoor  coverage.  Resulting  indoor  cov¬ 
erage  la  then  60%, 


Urban  Fringe  Areas.  In  1060,  about  75%  of  the  roslduntn  of  urban 
fringe  areas  lived  outside  places  having  a  population  of  2,500  or  moro.* 


*  U.8,  bureau  of  the  Census,  U.S.  Census  of  Population  I960,  Vol.  I, 

Characteristics  of  tho  Population,  Part  I,  U,S,  Summary,  U.S,  Govern¬ 
ment  Printing  Office,  Waohington,  D.C. ,  1964.  ~™ 
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While  a  considorf.bJ  o  increase  in  the  popul  a  t  ion  of  those*  urban  fringe 
rroas  lu  projected  for  1970  (geo  Section  Alii  ol  this  report),  the  best 
estimate  of  thu  distribution  of  poruone  living  in  places  of  over  2,500 
population  glut  those  living  outside  such  pin  con  is  the  sane  proportion 
Dial  exists  today.  The  outdoor  coverage  in  those  urban  fringe*  areas  In 
1070  la  therefore  projected  at  70%,  and  thu  indoor  coverage  is  then 
37.0%,  UHing  the  arbitrary  ratio  of  1:0.0  between  outdoor  and  indoor 
coverage . 


Nonurbunitod  Arena.  In  Section  AIII,  the  urban  population  residing 
in  nonurbanlzed  arena  has  been  projected  as  being  40%  of  the  total  popu¬ 
lation  of  thu  nenuibanlzod  areas.  Since  those  urban  places  are  defined 
as  having  2,500  or  more  residents,  the  outdoor  siren  covorage  in  those 
arena  is  100%,  according  to  the  problum  statement.  Tho  indoor  siren  cov¬ 
erage  for  nonurbnnlzoJ  ureas  in  1970  would  then  bo  20'  ,  again  using  the 
arbitrary  ratio  of  outdoor  to  indoor  covorago. 

These  coverage  estimates  uro  entered  on  lino  6  as  nhown: 


6.  Injnur  air^n  coverage  (fraction  of  population  that  /)  A  Se *  AJt 

can  hear  sirens  indonra,  by  area)  JtJJBmML 


t 


Stop  7 


Tho  computations  necesuary  to  couvort  these  fractions  of  both  popu¬ 
lation  and  covorago  by  area,  into  fractions  of  tho  total  population  are 
Bhown  on  lines  7,  8,  and  9.  Note  that  on  line  8,  both  the  existing  and 
other  lines  are  crested  cut,  leaving  the  distribution  for  the  1970  popu¬ 
lation  remaining.  Those  computations  are  shown  below. 


7.  Fiaction  of  area  populations  in  aheller  as  a  result  of 
the  stimulus  from  airan  a  lert  tng  ( I  me  6  times  line  5) 

0.  fraction  of  11. S.  population  residing  in  each  area 
Existing 
1970 
Other 

(Cross  out  inapplicable  line) 

9,  FroctionofVJ  S.  population  in  shelter  in  each  ares  ji 
e  result  of  siren  alerting  stimulus  ( line  8  times  line  7) 


ML_„ 
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Step  8,  Preliminary 

"Hie  addition  of  columns  a,  b,  and  c  on  line  9  will  result  in  the 
fraction  of  the  total  population  in  shelter  as  a  result  of  warning  from 
the  siren  alerting  mode.  The  result  is  entered  on  line  10  as  shown 
below,  and  on  the  summary,  Part  II  of  the  worksheet. 


10.  Fraction  of  II. S  population  in  shelter  due  to  siren 
alerting  (cue  of  line  9,  columns  it,  6.  snd  c) 


Before  step  8  is  completed,  the  fraction  in  shelter  who  were  warned  by 
the  no  alerting  mode  must  be  determined.  Hie  no  alerting  mode  must  be 
include!  in  the  system  to  bring  the  total  coverage  for  all  modes  up 
to  100%. 


Reiteration  of  Steps  2-7  for  Persons  Warned  by  the  No  Alerting  Mode 

Again  following  the  instructions  and  'the  worksheet,  the  fraction  of 
the  population  in  shelter  who  were  warned  by  the  no  alerting  mode  is  com¬ 
puted,  as  illustrated  by  the  sample  worksheet  below. 


J).  No  Alerting  Mode 


Time  from  decision  to  fallout  arrival  ( from  Part  IB.  line  5) 
System  response  time  (time  from  decision  to  warn  to 
beginning  of  emergency  announcements) 

Time  remainin';  to  reach  shelter  (line  1  less  line  ? > 

Fraction  of  population  warned  by  the  No  Alerting  Mode, 
in  shelter  before  fal  lout  arrival  time.  (Use  charts 
for  no  alerting  mode  in  appropriate  time  era.  Enter 
chart  with  time  from  3,  above,  read  fraction  from 
curves ) 

Fraction  of  populations  not  covered  by  other  warning 
modes,  by  area 

'Fraction  of  area  popuiatio:  a  in  shelter  who  did  not 
receive  elerting  stimulus  iline  5  times  line  i) 

Fraction  cf  US.  population  residing  in  each  ares 
Existing 
1970 
Other 

(Cross  out  inapplicable  line) 

Fraction  of  US.  population  in  shelter  in  each  area 
as  a  result  of  stimulus  (line  7  times  line  6) 

Fraction  of  U.S.  population  in  shelter  who  here  been 
warned  by  the  No  Alerting  Mode  (aum  of  line  6, 
columns  a,  b.  end  c) 


COLUW  a 
CENTRAL  CUT 
AREAS 

mm. 

min 

46fcJL«in. 


AM 


COUWI  f  COLUMN  c 

URBAN  FRINGE  N0NURBAN1ZE0 
AREAS  AREAS 

ail.  mill. 


0,111 

4!tA  ain 


T1A l. 


4.d.xc  a  Baa 


i  i 


,.9.324  _  _ 

can*** 


A.  *3*  A  £££ 

AJ7C 


Step  8 


TT.e  results  of  the  computations  of  fraction  of  the  population  in 
shelter  as  a  result  of  the  siren  alerting  and  no  alerting  modes  may  no» 
be  entered  on  lines  C  and  D  of  Part  II  of  the  worksheet.  The  sum  of 
these  two  fractions  is  the  total  fraction  of  the  population  in  shelter 
for  the  warning  system  described,  and  is  the  numerical  value  of  cliec- 
tiven 'SB  that  was  specified  in  the  problem.  Part  II  of  the  worksheet 
1  s  si  iwn  below . 


PAhT  II.  WARN  INC  SYSTfcU  EVALUATION  SUBHARY 

(See  follow  lug  sheets  for  detailed  evaluation  of  verplftf 
Jyilte  hoiiei.  Listed  below  is  i  MjSDiry  of  th*  culuitioD.  ) 


*AKNIN(i  SYSTtU  MOLT 


A.  Radio  Warning 
13.  Indoor  Aiming 
i..  Si  i  en  Alert n  g 
D,  Nv  alerting 

K,  Total  population  in  shelter 
resulting  from  this  warring 
•  ymem  configuration 

(sum  of  fractions  Irocr.  lines  A,  H,  C,  and  0  above) 


FRACTION  OF  POPULATION 
IN  SHELTER  WW?  IE  RE 
VANNED  BY  FACH  MODE 
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a.  tro 
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Ill  APPLICATIONS  OF  THE  EFFECTIVENESS  MEASURE 


Computations  of  warning  system  effectiveness  such  as  those  made  in 
Section  II  arc-made  as  part  of  an  analysis  that  will  lead  to  a  particular 
decision  related  to  warning  systems.  The  present  section  shows  how  the 
numerical  expression  for  effectiveness  can  be  used  in  two  cost-effectiveness 
analyses  of  warning  systems.  The  first  of  the  two  examples  is  an  applica¬ 
tion  of  cost-effectiveness  analysis  to  a  system  design  decision;  the  sec¬ 
ond,  an  application  to  show  the  contribution  of  radio  warning  to  civil 
defense  programs. 

The  two  applications  are  preceded  by  a  general  description  of  cost- 
effectiveness  analysis. 

The  examples  presented  herein  are  designed  only  to  show  how  to  make 
the  analysis  with  the  aid  of  the  numerical  measure  of  effectiveness, 
rather  than  to  prepare  an  analysis  upon  which  conclusions  should  be  based. 
Definitive  analysis  cannot  be  made  without  having  reasonably  firm  costs 
available  for  warning  and  shelter. 


Applicable  Theory  of  Cost-Effectiveness 


In  the  use  of  cost-effectiveness  analysis  to  reach  a  decision  on  an 
investment,  two  persons  are  involved:  an  analyst  and  a  decision-makei . 

The  task  of  the  analyst  is  to  present  to  the  decision-maker  data  on  rele¬ 
vant  alternative  courses  of  action  in  such  a  way  that  the  decision-maker's 
function  is  expedited.  The  analyst  must  therefore  use  some  technique  for 
eliminating  alternatives  that  are  not  relevant  and  find  a  way  of  present 
ing  Lhe  remaining  choices  in  a  meaningful  fashion. 

A  schedule  of  the  cost  and  effectiveness  of  the  various  alternatives 
provides  the  analyst  with  the  tool  he  needs  to  eliminate  nonrelevant  al¬ 
ternatives  and  to  present  the-  data  to  the  decision-maker  ir.  a  meaningful 
way.  Fox*  describes  the  schedule  and  its  preparation  in  the  following 
way: 


*  Peter  D.  Fox,  "A  Theory  of  Cost-Effectiveness  for  Military  Systems 
Analysis,"  Operations  Research,  Voi .  XIII,  No.  1  (January-February 
iSt>5) . 
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The  analyst  estimates  the  cost  that  would  bo  incurred  and  the 
effectiveness  which  would  result  il  each  of  the  alternatives 
were  acquired.  .  .  .  The  analyst  may  normally  discard  an  al¬ 
ternative  that  both  costs  more  and  is  less  effective  than 
another  alternative.  On  the  other  hand,  if  one  alternative 
costs  more  but  is  more  effective  than  another,  the  analyst 
should  present  both  alternatives  to  the  decision-maker  to 
determine  whether  the  additional  effectiveness  is  worth  the 
additional  costs  involved.  Thus,  a  series  of  effectiveness 
levels  may  be  available  at  different  costs,  and  the  maximum 
effectiveness  or  minimum  cost  alternatives  each  represent  only 
the  end-points  of  a  range  of  possible  solutions. 

The  task  of  the  analyst,  then,  is  to  determine  which  systems 
need  not  be  considered  by  the  decision-maker  because  there  are 
one  or  more  alternatives  that  either  cost  no  more  and  are  more 
effective,  or  cost  less  and  are  at  least  as  effective.  The 
systems  that  are  not  eliminated  from  consideration  form  the 
schedule  of  efficient  alternatives.  This  schedule  may  con¬ 
sist  of  a  series  of  specific  alternatives  or  of  a  continuous 
curve .... 

Figure  [lO]  illustrates  the  formulation  oi  a  schedule  for  the 
specific  alternatives  case.  The  analyst  has  estimated  the  cost 
of  each  of  seven  alternatives,  A i  through  A7;  he  has  also  esti¬ 
mated  the  effectiveness  of  each  system  relative  to  the  mission 
that  the  system  is  designed  to  perform.  He  now  seeks  to  derive 
the  schedule,  assuming  that  the  only  Information  he  has  con¬ 
cerning  the  preference  of  the  decision-maker  Is  that,  for  sys¬ 
tems  with  equal  costs,  the  most  effective  system  is  desired, 
and,  for  equally  effective  systems,  the  lowest  cost  one  is 
desired . 

Fox  further  states; 

Systems  are  compared  pairwise  to  derive  the  schedule.  Alter¬ 
native  A3  need  not  be  considered  further  since  Alternative  A2 
both  costs  less  and  is  more  effective.  Thus,  A2  is  said  to 
dominate  Aj,  i.e.,  it  is  superior  to  A3  based  on  the  two  cri¬ 
teria  that  are  assumed  to  be  relevant.  It  can  be  noted  that 
A 3  is  also  dominated  by  A4  and  A5.  Similarly,  >14  need  not  be 
considered  lurther  since  oystem  A^  is  clearly  superior.  Il , 
after  eliminating  A3  ani  A4 ,  the  remaining  combinations  of 
pairs  are  examined,  the  analyst  will  be  unable  to  find  two 
alternatives,  say  Ai  and  Aj  ,  such  that  A*  is  both  more  effec¬ 
tive  and  coals  less  tnan  Aj .  The  remaining  five,  then,  are 
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COST  AND  EFFECTIVENESS  ALTERNATIVES— 
SPECIFIC  ALTERNATIVES  CASE 


EFFECTIVENESS 

Source:  Fox,  Peter  D . ,  "A  Theory  of 
Cost-Effectiveness,"  previously  cited. 


members  of  the  schedule  of  efficient  alternatives  that  should 
be  presented  to  the  decision-maker.  These  are  represented  by 
dots  surrounded  by  circles  in  Figure  [lO].  A  do-nothing  alter¬ 
native,  represented  by  the  origin,  might  be  viewed  as  a  sixth 
member  of  the  schedule. 


Application  of  Cost-Effectiveness  Analysis  t o  a  Radio  Warning  System 
Design  Decision 


Consider  this  hypothetical  decision  that  arl»es  during  the  design 
of  a  radio  warning  system:  use  of  an  improved  component  in  the  system 
design  will  improve  system  response  time  for  all  of  the  radio-controlled 
modes  in  a  warning  system  by  10  seconds — should  the  component  bo  used? 

To  prepare  a  cost-effectiveness  schedule  lor  the  two  alternatives 
(use  the  component,  or  do  not  use  it),  it  will  first  be  necessury  to  con¬ 
struct  a  set  ol  conditions  under  which  the  evaluation  is  tr.  take  place. 
With  these  conditions,  the  effectiveness  ol  systems  both  with  and  without 
the  faster  component  will  be  computed,  finally,  a  schedule  will  be  pre¬ 
pared  from  the  computed  effectiveness  and  the  assumed  costs. 


To  compute  the  effectiveness  (fraction  in  shelter)  for  each  ol  the  two 
systems,  assume  the  following  conditions: 

1.  1970  shelter  and  population  prevail. 

2.  The  United  States  has  the  capability  to  detect  attack  15  minutes 
prior  to  impact. 

3.  The  decision  to  warn  can  be  made  in  negligible  time. 

4.  Radio  warning  coverage  may  vary  from  zero  to  1007=  depending  upon 
receiver  distribution. 

5.  Response  time  for  the  radio  warning  mode  is  43  seconds  in  urban¬ 
ized  and  33  seconds  in  nonurbanized  areas.  This  can  be  improved 
to  33  and  23  seconds,  i espectlvely ,  with  the  Improved  component. 

6.  Sirens  are  activated  as  part  of  the  radio  warning  system.  Siren 
mode  response  time  is  1  minute,  33  seconds,  for  central  city  and 
urban-fringe  areas;  1  minute,  50  seconds,  for  nonurbanized  areas. 
Use  of  the  improved  component  will  improve  each  of  these  times 

by  10  seconus. 

7.  Siren  effectiveness  will  be  evaluated  for  the  case  of  close 
radio  support  and  LO  population  readiness  (effectiveness 
Case  II). 

8.  Outuoor  siren  coverage  is  assumed  to  be  100%  for  central  cities, 
88%  for  urban-fringe  areas,  and  28%  for  nonurbanized  areas.  In¬ 
door  coverage  (to  be  used  In  this  analysis)  is  assumed  to  be 
50%  of  the  outdoor  coverage. 

9.  Unergency  radio  announcements  over  commercial  broadcast  stations 
will  be  activated  as  a  part  of  the  isdio  warning  systems.  Emer¬ 
gency  announcements  will  start  1  minute  30  seconds  after  deci¬ 
sion  to  warn.  With  the  improved  component,  announcements  will 
begin  1  minute  '  (■  seconds  after  decision. 

To  determine  the  increase  in  ef lectiveness  due  to  the  lu-second 
improvement  in  speed  of  response,  four  effectiveness  computations  need 
to  be  made  to  cover  the  range  of  radio  warning  modes: 

1.  0%  radio  warning  receiver  coverage,  slow  response; 

2.  100%  radio  warning  receiver  coverage,  slow  response; 

3.  0%  radio  warning  receiver  coverage,  fast  response;  and 

4.  100%  radio  warning  receiver  coverage,  fast  response , 
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Effectiveness  at  intermediate  values  of  receiver  coverage  will  be 
directly  proportional  to  the  receiver  coverage  in  the  interval  between 
zero  and  100%  coverage. 

The  four  computations  of  effectiveness  to  be  made  differ  slightly 
from  the  example  given  in  Section  II  because  of  the  need  to  preserve  the 
accuracy  of  reading  the  charts.  Rather  than  trying  to  read  the  time 
values  (which  are  only  10  seconds  apart)  from  the  charts,  use  the  follow- 
ing  interpolation  technique  to  compute  the  radio  warning  effectiveness 
for  central  cities  for  the  slow  response  and  the  fast  response  system: 

1.  The  time  available  to  reach  shelter  (time  from  decision  to  warn 
to  time  of  fallout  arrival  less  system  response  time)  is  between 
44  and  45  minutes.  The  fraction  in  shelter  at  44  minutes  after 
the  alert  signal  sounds  for  radio  warning,  1970  shelter  posture, 
in  central  cities  is  0.3GS.  At  45  minutes  this  same  fraction 

is  0.972. 

2.  The  fraction  of  the  population  in  shelter  at  44  minutes  17  sec¬ 
onds  is  17/60  of  the  difference,  0 . 004,  between  the  fraction  in 
shelter  at  44  minutes  and  the  fraction  in  shelter  at  45  minutes, 
plus  the  fraction  in  shelter  at  44  minutes.  The  resulting  frac¬ 
tion  in  shelter  at  44  minutes  17  seconds  is:  0.968  +  17/60 
(0.004)  =  0.969. 

3.  Similarly,  the  fraction  in  shelter  at  44  minute-.  27  seconds  is: 
0.963  +  27/60  (0.013)  =  0.970. 

This  same  technique  is  used  to  compute  the  fraction  in  shelter  for 
radfo  warning,  100%  receiver  coverage,  for  urban-fringe  and  nor.urbanized 
areas,  followed  bj  the  computation  on  the  worksheet  for  lines  6-9. 

Likewise,  the  zero  percent  radiu  warning  receiver  coverage  effec¬ 
tiveness  values  are  found  by  using  the  interpolation  from  technique 
above,  to  find  the  contribution  to  the  fraction  in  shelter  by  the  siren 
alerting  and  no  alerting  modes. 

The  cost-effectiveness  schedule  can  now  be  prepared  ix  the  receiver 
cost  is  estimated  at  $15  and  the  estimate  of  65  million  receivers  to 
achieve  1C0%  receiver  distribution  is  made.  The  receiver  cost  and  the 
cost  of  faster  response  are  the  only  costs  being  considered  here. 

The  cost-effectivcness  schedule  for  the  four  system  configurations 
is  shown  lr  Table  2. 
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Table  2 


COST-EFFECTIVENESS  SCHEDULE  FOR 
IMPROVED  RESPONSE  TIME 


Fraction 

Cost 

in 

(millions 

Corf iguration 

Shelter 

of  dollars 

1 . 

0%  receiver  coverage ,  slow  response 

0.535 

$  0.000 

2. 

100%  receiver  coverage,  slow  response 

0.977 

975.000 

3. 

0%  receiver  coverage,  fast  response 

0.537 

0.250 

4. 

100%  receiver  coverage,  fast  response 

0.978 

975.250 

The  schedule  is  plotted  in  Figure  il. 


Figure  1 1 
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In  Figure  11  the  lower  enlarged  portion  shows  the  cost  plotted 
against  effectiveness  fur  configurations  1  (slow  response,  zero  coverage) 
and  3  (fast  response,  zero  coverage),  identified  by  the  circled  numbers. 
Both  points  1  and  3  must  be  presented  to  the  decision-maker,  since 
point  3  has  higher  effectiveness  than  point  1 ,  but  also  has  a  higher 
cost.  The  decision  to  approve  configuration  3  would  Imply  a  willingness 
to  spend  $0,250  million  in  order  to  obtain  an  added  fraction  in  shelter 
of  .003,  which  the  analyst  could  express  as  a  ratio  of  dollars  per  added 
person  sheltered  if  such  information  is  useful  to  the  decision-maker. 

The  heavy  line  between  configurations  3  and  4  indicates  that  the 
3-4  configurations  dominate  the  1-2  coif  iguratioi.s  at  all  points;  i.e., 
they  obtain  greater  effectiveness  for  the  same  or  lower  cost.  This  domi¬ 
nance  may  be  seen  clearly  in  the  lower  enlarged  portion,  where  point  3 
dominates  all  points  from  A  to  B  inclusive  on  the  1-2  configuration  line, 
indicating  that  spending  $0,250  million  or.  configuration  3  is  preferable 
to  spending  even  greater  amounts  on  added  receiver  coverage  for  configu¬ 
ration  1.  Below  point  A,  the  heavy  line  follows  the  slow  response  con¬ 
figuration  line,  indicating  that  if  less  than  $0,250  million  is  available 
system  effectiveness  could  best  be  increased  by  adding  receiver  coverage 
to  coni iguration  1. 


Application  of  Cost-Effecciveness  Analysis  to  Determine  the  Contribution 
of  Radio  Warning  to  Clvlx  Defense  Programs 


In  the  following  example  a  cost-effectiveness  schedule  Is  prepared 
for  four  hypothetical  civil  defense  programs.  In  these  programs  only  the 
warning  and  shelter  portions  will  be  considered.  The  four  programs  ore: 
existing  sheltex  and  warning  capability,  existing  sheiter  capability  plus 
radio  warning,  shelter  development  (.1970  shelter)  plus  existing  warning 
capability,  and  shelter  development  plus  radio  warning.  For  each  of  the 
programs  that  include  radio  warning,  the  cost  and  effectiveness  are 
computed  over  a  range  of  receiver  distribution  coverage  from  zero  to 
100  percent. 

In  the  analysis  of  each  of  the  systems  that  follows,  the  detection 
capability  is  assumed  to  be  15  minutes  from  detection  to  impact,  and  the 
decision  to  warn  will  require  negligible  time.  In  all  cases,  the  attack 
is  a  surprise,  or  it  comes  after  a  very  rapid  crisis  buildup,  which 
leaves  the  population  unprepared  to  respond  to  warning.  Also,  in  the 
following  analyses,  the  total  cost  of  programs  Includes  capital  outlays 
for  equipment,  plus  estimated  operating  and  maintenance  costs  for  10 
years . 
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The  four  systems  are  described  in  t be  following  paragraphs. 


Program  I,  Existing  Shel ter,  Existing  Warning  System 


In  this  program  the  number  of  shei ter  spaces  grows  at  about  the  same 
rate  as  does  the  population,  and  distribution  of  the  population  growth  is 
such  that  the  coverage  from  existing  sirens  remains  about  the  same  in 
terms  of  percentages  of  population  who  can  be  alerted  by  sirens.  These 
assumptions  allow  the  use  of  the  charts  for  the  existing  shelter  posture 
to  be  used  over  the  10-year  period. 

For  the  existing  siren  system,  assume  that  the  outdoor  siren  cover¬ 
ages  are  SO  percent  of  central  city  residents,  20  percent  of  urban  fringe 
area  residents,  and  10  percent  of  nonurbanized  area  residents.  Indoor 
coverages  will  be  one-half  of  these  figures.  Response  time  for  the  sirens 
in  central  cities  will  be  30  minutes,  in  urban  fringe  areas  40  minutes, 
and  in  nonurbanized  areas  50  minutes.  Each  of  these  times  includes 
1.0  minute  for  the  siren  motor  to  come  up  to  speed  and  begin  delivering 
full  output. 

Bnergency  radio  broadcasts  will  begin  five  minutes  after  the  deci¬ 
sion  to  warn. 

Cost  of  this  existing  system  is  estimated  at  $30  million.  This  in¬ 
cludes  operating  costs  of  $2.5  million  per  year  and  warning  maintenance 
costs  and  cost  of  finding  new  shelter  to  total  $5  million  over  the  five 
years . 


Program  II,  Existing  Shelter,  Radio  Warning 

Tills  second  program  includes  the  same  shelter  posture  as  the  fiist, 
but  also  includes  a  radio  warning  system.  To  allow  for  uncertainties  in 
receiver  distribution,  a  range  of  coverage  from  zero  to  100  percent  for 
the  radio  warning  mode  is  analyzed.  Response  time  lor  the  radio  warning 
mode  is  0.7  minute  in  central  city  and  urban  fringe  areas,  0.5  minute  in 
nonurbanized  areas. 

Sirens  and  emergency  announcements  over  commercial  radio  are  con¬ 
trolled  by  the  radio  warning  system.  Since  coverage  is  the  same  as  in 
the  first  program,  response  time  for  sirens  is  1.5  minutes  for  central 
city  and  urban  fringe  areas,  1.8  minutes  for  nonurbanized  areas.  iiner- 
gency  announcements  begin  over  broadcast  stations  in  1 . 5  minutes.  * 
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Cost  of  this  system  is  estimated  to  be  $35  million  plus  $15  per  re¬ 
ceiver  up  to  65  million  receivers.  Of  the  $35  million,  $30  million  will 
be  required  for  control  and  broadcast  transmitters,  receiving  equipment, 
and  the  operation  and  maintenance  of  this  equipment  and  transmit  tors . 

Five  million  dollars  will  again  be  required  for  additional  shelter  survey 
and  siren  maintenance. 


Program  III,  Improved  Shelter,  E\l3tlng  Warning 

This  program  Includes  shelter  development  to  bring  the  shelter  sys¬ 
tem  up  to  the  1970  shelter  posture  shown,  Lut  does  not  Include  Improve¬ 
ment  of  the  warning  system.  Siren  coveragt  remains  about  the  same  as  at 
present . 

Siren  coverage  and  response  time  are  as  estimated  in  Program  I. 
Emergency  broadcast  response  time  is  also  the  same  as  in  Program  1. 

Program  cost  is  estimated  at  $1,001  billion.  Of  ..his  cost,  $1  bil¬ 
lion  will  be  required  to  survey  and  develop  the  additional  shelter  spaces, 
and  $1  million  for  siren  maintenance  and  operation  over  the  10-year 
period. 

Program  IV,  Improved  Shelter,  Radio  Warning 

The  fourth  program  includes  both  the  shelter  development  of  the 
third  program  ar.d  the  radio  warning  system  described  in  Program  II.  Sys¬ 
tem  performance  for  these  parts  is  the  same  as  in  the  earlier  program. 

Program  cost  is  estimated  at  $1,031  billion,  plus  receiver  cost  of 
$15  each.  This  cost  is  made  up  of  $1  billion  for  shelter  development, 

$30  million  for  radio  warning  transmitters,  receiving  equipment,  ar.d 
operation  ,  and  $1  million  fur  siren  maintenance  and  operation. 

Cost-Effectiveness  Schedule 

The  effectiveness  of  each  of  the  programs  is  computed  from  the 
description  given.  A  tabulation  of  the  cost  and  effectiveness  of  the 
four  programs  is  shown  in  Table  3. 


Table  3 


COST- EFFECTIVENESS  SCHEDULE  FOR 
CIVIL  DEFENSE  FROGRAMS 


Fraction 

in 

Shel ter 

I 

Existing  Shelter, 

Existing  Warning 

0.149 

II 

Existing  Shelter, 

Radio  Warning, 

0%  coverage 

0.161 

100%  coverage 

0.354 

III 

Improved  Shelter, 

Existing  Warning 

0.316 

IV 

Improved  Shelter, 

Radio  Warning , 

0%  coverage 

0.349 

100%  coverage 

0.977 

The  cost  and  effectiveness  ale  plotted  in  Figure  12. 

Figure  12 

COST-EFFECTIVENESS  SCHEDULE  FOR 
CIVIL  DEFENSE  PROGRAMS 

2,000 
1,600 
1,200 

800 

400 

0 

0  -2  .4  .6  ,8  1.0 

FRACTION  IN  SHELTER 


C 

.0 


o 

u 


Cost 

(millions 
of  dollars 

$  30 

35 

1  ,010 

1  ,026 

1  ,031 
2 ,006 


38 


Analysis  of  Figure  12  shows  only  a  few  dominant  points.  For  Pro¬ 
gram  II  costs  somewhat  higher  than  $800  million,  Program  II  dominates 
Frogram  III,  since  each  level  of  expenditure  on  Program  II  over  this 
level  will  provide  more  effectiveness  at  less  cost  than  would  Program  III. 
Likewise,  the  extreme  high  range  of  expenditure  on  Program  II  dominates 
the  extreme  lower  end  of  the  range  of  receiver  distribution  in  Program  IV, 
Neither  of  these  extreme  ranges  is  likely  to  be  obtained  in  practice, 
however. 

After  elimination  of  these  dominated  points,  the  remainder  ol  Fig¬ 
ure  12  shows  that  increased  effectiveness  can  be  obtained  at  increased 
levels  of  cost.  Tee  selection  of  a  level  of  cost  and  effectiveness  are 
now  the  responsibility  of  the  decision-maker. 

Figure  12  illustrates  an  interesting  interrelationship  between  the 
effectiveness  of  warning  and  the  effectiveness  of  shelters.  The  increase 
in  effectiveness  from  the  additional  sheltpr  spaces  together  with  radio 
warning  is  gieater  than  the  increase  m  effectiveness  from  adding  shel¬ 
ters  alone  plus  the  increase  in  effectiveness  from  adding  radio  warning 
alone.  That  is,  the  effectiveness  of  Program  I  is  .149  of  the  population 
in  shelter.  Adding  additional  shelters  to  Program  I  (resulting  in  Pro¬ 
gram  III  with  an  effectiveness  of  0.313)  lesuits  in  an  added  effective¬ 
ness  of  0.167  of  tile  population  in  shelter.  The  increased  gained  in 
fraction  in  shelter  by  the  addition  of  radio  warning  with  100%  receiver 
coverage  to  Program  I  (resulting  in  Program  II  with  100%  coverage,  with 
an  effectiveness  of  0.354)  is  0.205.  The  -sum  of  these  two  increases, 
taken  separately,  is  0.354.  Taken  together,  the  added  number  of  shelters 
and  radio  warning  with  100%.  coverage  (resulting  in  Program  XV  with  1C0%> 
receiver  coverage,  with  an  effectiveness  of  0.977)  gives  an  increase  of 
0.828  of  the  popula tion  in  shelter,  almost  three  times  the  increase  in 
the  sun  of  effectiveness  of  the  two  programs  taken  separately.  The  in¬ 
terrelationship  tnus  illustrated  strongly  suggests  that,  a  combination  of 
partial  receiver  coverage  and  partial  accompl ishuient  of  the  shelter  de¬ 
velopment  might  result  in  a  greater  effectiveness  at  any  level  ol  cost 
than  the  sequential  accomplishment  of  the  two  programs. 

The  same  conclusion  could  be  reached  by  observing  that  the  lesser 
slope  of  the  Program  IV  line  (compared  with  the  Program  II  line)  indi¬ 
cates  a  much  greater  effectiveness  per  dollar  expended  for  increased 
radio  warning  coverage  when  the  increased  coverage'  is  accompanied  by  the 
shelter  development  of  Program  IV. 


Apponalx 

DEVELOPMENT  OE  T1IK  MODEL  USED 
TO  DESCIUIJt  Tilt  MOVEMENT  TO  SHELTER  PROCESS 


A I  INTRODUCTION 


The  curves  of  fraction  of  the  population  vs  time  after  alert  signal 
sounds  ^Figures  1-8}  are  the  basis  of  the  computation  of  the  effective¬ 
ness  of  radio  warning  as  described  in  this  report.  Tbeso  curves  have 
been  generated  by  a  model  of  the  movement  to  shelter  process.  This  model 
is  a  simplified  and  idealized  description  of  the  times  people  lake  to  do 
the  things  they  oust  do  before  they  arrives  at  their  assigned  fallout 
shelter . 

T.iese  things  that  people  must  do  before  they  reach  shelter  are 
divided  into  three  groups:  alert  verification,  movement  preparation, 
and  movement.  Alert  verification  is  the  process  of  nearing  the  warning 
signals,  understanding  them,  and  deciding  to  act  upon  them.  Movement 
preparation  is  the  piocess  of  getting  ready  to  trove  to  shelter.  Movement 
to  shelter  is  the  process  of  traversing  the  distance  between  the  pre¬ 
warning  location  and  shelter. 

The  times  required  to  accomplish  these  actions  will  not  be  the  same 
for  everyone:  indeed,  the  time  to  accomplish  an  action  might  not  be  the 
same  for  the  same  person  on  two  separate  trials.  Because  of  this  varia¬ 
bility,  the  times  required  for  a  group  of  persons  to  complete  an  action 
must  be  described  by  a  lormula,  curve,  or  table,  which  describes  the 
f rue t run  of  the  number  In  the  group  who  are  expected  to  complete  the 
action  within  a  given  Interval,  or  by  a  given  time.  ouch  a  formula, 
curve,  or  table  describing  the  times  associated  with  a  fraction  ol  the 
population  completing  a  process  is  called  a  distribution  function,  or  a 
distribution . 

The  time  to  complete  the  three  actions  and  thus  roue  i  shelter  is 
the  sum  oi  the  times  required  for  the  throe  odious  if  an  individual  i» 
being  considered.  Again,  however,  the  function  oi  the  sum  of  those  three 
distributions  for  n  group  ol  poisons  is  Itself  c  (Jlutrlout^on. 

I 

Operations  Research,  Inc,’  (OKI)  developed  a  model  that  uses  these 
times  to  find  the  dumber  ol  p ergons  in  shelter  ut  a  given  time  alter  the 


<•  W.  A.  Hamburg  ,  A.  M.  .'  lieu,  and  H.  Watkins,  "a  Study  ol  Tuellcnl  Move¬ 
ment  Concepts  In  Civil  flu  1  onus  Fluniliig,  "  Operations  Itosemch,  Inc. 
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alert  signal  sounds.  In  the  study  reported  here,  OKI's  model  has  neon 
adapted  to  fit  the  data  and  computat tonal  scheme  required  for  use  on  a 
nationwide  basis.  A  schematic  diagram  oi  the  model  is  shown  by  Figure  13. 
This  diagram  shows  how  available  experimental  data  have  beer,  used  to  pro¬ 
duce  estimates  of  the  distributions  of  alert  verification  times  and  move¬ 
ment  preparation  times.  Hie  distributions  of  alert  verification  time  and 
movement  preparation  time  are  combined  into  a  distribution  of  starting 
ttmes.  Census  data  and  fallout  shelter  data,  used  with  assumptions  about 
the  speed  oi  travel,  result  in  a  distribution  of  movement  times.  The  re¬ 
sulting  distributions  of  starting  times  and  movement  times  are  finally 
combined  into  a  distribution  of  times  to  reuch  shelter  after  *he  alert 
signal  starts,  which,  when  plotted,  result  in  a  curve  showing  the  frac¬ 
tion  of  the  population  in  shelter  as  a  function  of  the  time  after  the 
alert  signal  sounds. 

The  analysis  used  to  arrive  at  the  distributions  is  presented  In 
Sections  All  and  AIII.  Section  Afl  describes  the  analysis  of  the  alert 
verification  time  distribution,  movement  time  distribution,  and  the  re¬ 
sulting  starting  time  distribut ion .  Section  AIII  describes  the  analysjs 
of  movement  times  and  discusses  the  combination  of  movement  time  and 
starting  time  distributions  into  the  final  distribution  oi  time  required 
to  reach  shelter. 
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STARTING  TIME  ANALYSIS 


The  analysis  of  starting  time  distributions  includes  an  analysis  of 
alert  verification  time  distribution  and  of  movement  preparation  time 
distribution,  and  an  analysis  of  hew  the  two  distributions  are  combined. 


Alert  Verification  Time 


Alert  verification  time  begins  when  the  alert  signal  first  begins 
to  sound,  and  ends  when  the  individual  decides  to  take  action  and  begins 
to  prepare  to  seek  protection  iro/n  the  event  warned  against.  The  indi¬ 
vidual  may  perform  a  number  of  subordinate  processes  during  the  alert 
verification  time.  They  are: 

1.  Hear  signal 

2.  Recognize  signal 

3.  Seek  confirmation  of  signal  meaning  and  validity 

4.  Find  confirmation  of  signal  meaning  and  validity 

5.  Relate  signal  meaning  to  self 

6.  Decide  to  act 

To  illustrate  these  sub-processes  that  take  place  during  the  alert 
verification  time,  consider  a  person  who  is  asleep  as  the  telephone  begins 
to  ring.  Seme  time  after  the  ringing  starts,  he  will  become  aroused 
enough  to  be  consciously  aware  of  the  ringing  (hear  signal).  Shortly 
thereafter  he  will  recognize  the  sound  as  tliul  of  the  telephone  (recog¬ 
nize  signal)  He  may  wait  for  another  ring  to  assure  himself  that  the 
ringing  is  not  the  result  of  a  dialing  error  on  the  part  oi  the  caller 
(conf  1  rmo t  ton  ci  validity)  u..d  someone  really  wauls  to  talk  to  him 

(relate  meaning  to  seif),  alter  which  he  decides  he  must  got  out  of  bed 
and  answer  (decision  to  uct).  Finally  he  takes  this  action.  In  this 
illustration,  the  repeated  sounding  oi  the  telephone  serves  as  a  conllr- 
mation  to  the  listener.  In  the  civil  defense  warning  modes,  h  separate 
voice  confirmation  is  used.  The  proeussua  are  otherwise  identical. 

As  purt  oi  a  study  to  determine  the  time  ruyulrod  to  ioavo  home  lor 
a  fallout  shelter  in  response  to  u  warning,  OKI  conducted  an  experiment 
to  determine  tliu  response  of  u  stooping  population  to  an  ourly-n  outing 


telephone  call.*  OSI  called  approximately  100  persons  In  Atlanta..  Georgia 
between  12:00  midnight  and  5:00  a. si.  end  measured  the  time  between  the 
first  ring  of  the  telephone  and  the  time  that,  the  respondent  spoke  the 
first  word.  The  results  of  this  experiment  are  shown  In  Figures  14  and  15 

Unfortunately,  it  is  not  as  easy  to  obtain  data  on  the  response  of 

people  to  civil  defense  alerting  devices  as  on  their  response  to  the  tele¬ 

phone  ring.  Not  only  is  the  response  to  the  civil  defense  alert  more  com¬ 
plex  and  hence  more  difficult  to  measure,  but  the  measurement  of  the 
response  is  more  difficult  because  there  is  no  two-way  communication  with 
the  person  when  he  responds,  as  there  is  in  the  case  ot  the  telephone. 

Then,  too,  there  are  constraints  that  would  make  the  sounding  oi  an  alert¬ 

ing  device  unfeasible  or  inadvisable  for  such  a  test. 

Since  there  is  difficulty  In  measuring  alert  verification  time  for 
an  individual,  the  following  approach  is  used  to  construct  the  alert  veri¬ 
fication  time  distribution.  First,  data  collected  in  the  telephone  ex¬ 
periment  are  used  to  define  the  form  of  a  probability  distribution  assumed 
to  represent  the  response  time  for  any  alert  signal.  This  formula,  which 
describes  the  distribution,  contains  a  constant  a,  which  determines  the 
spread  of  the  distribution  o£  alert  verification  times.  Each  warning 
mode  is  then  analyzed  to  determine  the  appropriate  value  of  Cr. 


Determination  of  the  Form  of  Alerr  Verification  Time  Distributions 

The  histogram  of  measured  responses  to  the  telephone  call  shown  by 
Figure  14  shows  a  rate  of  responses  that  increases  rather  rapidly  with 
time,  then  falls  off  more  gradually.  This  rapid  rise  and  more  gradual 
fall  can  be  described  by  a  relationship  oi  the  form:  X  ( t )  =  z?  te-i3:t; 
vv acre  f(t)  is  a  probability  density  distributing  function, +  or  mere  simply 
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Research ,  Inc.,  Draft  Report  No.  TW-151-62. 

The  probability  density  distributing  function  may  bo  interpreted  in 
the  following  way:  li  one  selects  a  smull  interval  about  a  given 
value  o'  v,  say  Vj  ,  and  samples  individuals  ul  random  fiom  tin  popu¬ 
lation,  he  frequency  with  which,  the  so-sump)  ed  time  values  full  In 
the  Intel vul  Is  given  approximately  by  l(vj)  limes  the  width  of  the 
iiiteivul  (the  accuracy  of  the  approximation  lu  Improved  either  by  mul 
leg  the  intorvai  smaller  or  tie  sample  lunger,  or  both). 


CUMULATIVE  FRACTION  OF  FRACTION  OF  OCCURRENCES 

POPULATION  RESPONDING  IN  INTERVAL 


Figure  14 

FREQUENCY  DISTRIBUTIONS  OF  RESPONSES  TO  TELEPHONE  RING 
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t li distribution  of  alert  verification  times, •  t  is  the  time  since  the 
aier i  signal  has  sounded;  and  a  is  a  constant  that  determines  the  shape 
o  ihe  distribution.  The  mean  time  for  this  distribution  is  2Ai.  and 
the  maximum  value  of  the  function  occurs  at  t=l/a. 

I  sing  the  mean  values  of  the  ORI  telephone  data  to  determine  the 
mean  value  for  the  formula  for  distribution  of  alert  verification  time, 
a  distribution  for  response  to  a  telephone  ring  is  computed.  A  compari¬ 
son  o«  tlie  resulting  frequency  distributions  and  cumulative  distributions 
witli  the  OR!  telephone  data  is  shown  by  Figures  14  and  15.  These  figures 
sliow  a  goo;i  fit  between  the  data  and  the  assumed  formula. 

Alert  Verification  Time  Distribution  for  Radio  Warning 

Tl-i  radio  warning  mode  consists  of  an  alert  signal  delivered  ‘  die 
population  by  indoor  radio  warning  receivers,  followed  by  a  warning  mes¬ 
sage  automatically  delivered  by  the  seine  receiver. 

The  alert  verification  time  for  radio  warning  was  determined  by 
assuming  that  the  peak  ol  the  distribution  (i.e.,  the  me*  unum  number  01 
responses  in  a  unit  time)  will  occur  at  the  end  oi  the  first  repetition 
oi  the  cycle  oi  alert  signals  and  confirming  messages. 

From  the  curve  for  responses  to  the  telephone  call,  it  appears  that 
about  90%  of  the  population  would  respond  lo  a  signal  in  0.5  minute.  It 
is  assumed  for  the  purposes  ot  this  report  that  this  is  the  optimum  time 
lor  sounding  the  alert  signal.  It  is  further  assumed  that  an  effective 
warning  message  can  be  delivered  in  one-half  minute,  based  upon  the  prev¬ 
alence  ol  spot  radio  and  TV  announccnu  i.ts  that  are  expected  to  convey  a 
message  in  this  period  oi  time. 

The  warning  message  will  thus  be  complete  one  minute  alter  the  alert 
signal  start s.  The  value  of  Ci ,  which  places  the  peak  number  of  persons 
responun.g  at  1.0  minute,  is  a  -  1.0.  This  value  oi  u  (1.0)  is  the  one 
tnut  has  been  used  to  construct  the  ei.rvci:  cl  inaction  <u  i  ne  population 
In  shelter  vs  time  alter  alert  .signal  sounds  lor  rudio  warning. 

Aler L_ VeiTi  lcullon  Time  Pis t r i bu l I on  lo Indoor  A _le r t lng 

The  lndii'u  uiei'.ing  mode  consists  of  an  uJeil  signal  delivered  to 
tin'  puldi<  by  ati  Indoor  signaling  device  such  us  u  NKAH  receiver  or  un 
ainrt-oniy  ludlo  receiver  and  u  coni i rmlng  message  delivered  ovur  com- 
tnojeiai  radio  and  television  stations 
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The  alert  verification  time  distribution  for  indoor  alerting  is 
derived  from  the  alert  verification  time  distribution  for  radio  earning. 
Tlie  indoor  alerting  mode  differs  from  the  radio  warning  mode  in  that  the 
individual  who  hears  the  alerting  signal  from  the  indoor  alerting  device 
must  seek  confirmation  from  another  source  (home  radio  or  TV)  ,  wnereas 
in  radio  warning,  voice  confirmation  is  automatically  provided.  It  is 
reasonable  to  assume  that  the  peak  number  of  responses  per  unit  time  will 
still  fall  immediately  after  the  completion  of  the  confirmin.,  voice  mes¬ 
sage.  Tlie  voice  message  in  the  indoor  alerting  mode  cannot,  however,  be 
received  until  the  Individual  goes  to  his  radio  or  TV  and  activates  it. 

The  time  to  activate  the  confirming  source  must  therefore  be  added  to 
the  time  for  the  alert,  signal  and  voice  message  found  for  radio  warning 
to  determine  the  time  to  the  end  of  the  voice  message. 

The  time  required  to  find  and  activate  the  confirming  source  will 
not  be  the  same  for  everyone.  Another  distribution  will  thus  be  required 
to  describe  it  completely.  Unfortunately,  no  data  are  available  to  ala 
in  describing  such  a  distribution.  It  does  seem  reasonable,  however,  to 
estimate  that  about  one  mir.ute  would  be  required  to  turn  on  a  radio,  wait 
for  warnings,  and  find  a  station.  It  has  therefore  been  estimated  that 
the  effect  of  adding  the  distribution  of  times  to  activate  the  household 
radio  after  the  alerting  signal  has  been  heard  would  be  the  same  as  the 
effect  of  adding  one  minute  to  the  time  of  the  peak  response  in  the  dis¬ 
tributing  function  oi  alert  verification  times  for  radio  warning. 

The  value  oi  a,  which  makes  the  alert  verification  time  distributing 
function  peak  at  two  minutes,  is  0.5.  This  is  the  value  used  to  determine, 
the  fraction  oi  the  population  in  shelter  as  a  result  oi  having  been 
warned  by  the  Indoor  alerting  mode. 

Alert  Verification  'lime  Distributions  for  Siren  Alert irg 

Tlie  siren  alerting  mode  consists  of  an  alerting  signal  delivered  by 
an  outdoor  siren,  and  a  confirming  message  delivered  ever  commercial  radio 
and  television  & i u i tons. 

Whereas  u  single  distribution  ';.«jo  be  developed  for  the  ulert  veri¬ 
fication  times  ; or  radio  vs.iijrg  and  for  indoor  alerting,  a  range  oi  dis¬ 
tributions  must  1>«-  presented  tor  the  siren  nlertlng  mode  because  oi  the 
range  oi  r-  iio  support  thut  muy  uccompuny  the  sirens  and  the  lets  ais- 
tln-.ivu  sound  ut  sirens  ub  compared  to  the  indoor  alarm  devices  just 
d lscut red . 


In  the  development  of  the  parameter,  a,  for  the  alert  verification 
time  of  the  Indoor  alerting  modo ,  it  was  anticipated  that  the  emergency 
radio  broadcast  would  be  on  the  air  by  the  time  people  responded  to  the 
alerting  signal  and  turned  on  their  radios,  since  an  advanced  system 
such  as  indoor  alerting  would  require  simultaneous  radio  broadcasting  to 
justify  the  relatively  high  cost  of  such  a  system.  On  the  other  hand, 
the  outdoor  sirens  might  operate  in  a  condition  such  as  prevails  today, 
where  the  radio  emergency  announcements  would  not  be  made  for  several 
minutes  after  the  sirens  had  begun  their  alert  signals. 

The  fact  that  siren  alerting  signals  are  similar  to  siren  signals 
heard  routinely  by  the  public  from  ambulances,  fire  trucks,  and  police 
vehicles  also  dictates  that,  a  range  of  alert  verification  time  distribu¬ 
tions  be  considered.  The  differences  between  civil  defense  sirens  and 
those  on  emergency  vehicles  are  duration,  movement,  pitch,  and,  in  some 
cases,  coding.  To  distinguish  between  these  features  of  the  two  signals 
will  require  a  period  of  time  and  concentration  on  the  sounds.  The 
casual  listener  will  not  give  the  concentration  required  unless  he  is 
intimately  familiar  with  the  signal  and  pitch  differences  of  the  two 
types  of  emergency  signals,  but  he  may  offer  this  attention  if  the  siren 
signal  persists  for  an  extended  period  of  time.  The  population  may  offer 
the  required  attention  to  the  civil  defense  sirer.  signals  more  quickly 
under  two  conditions:  (1)  in  a  period  of  crisis  during  which  the  threat 
of  attack  becomes  more  immediate  and  civil  defense  instructions  are  given 
extraordinary  heed,  or  (2)  when  a  conceited  effort  is  made  to  make  the 
population  aware  of  the  civil  defense  siren  sounds  through  a  massi'/e  pro¬ 
motional  program.  Even  in  the  crisis  period,  however,  time  is  required 
to  learn  to  listen  to  the  signals,  vith  the  result  that  an  attack  after 
a  crisis  of  only  h  day  or  two,  or  a  surprise  attack,  might  find  the  pub¬ 
lic  unprepared  for  the  siren  signal.  Under  these  conditions  the  alert 
verilication  process  would  be  speeded  up,  in  the  sense  that  a  greater 
fraction  of  the  population  might  be  alerted  within  a  given  time,  or  a 
given  fraction  of  the  population  would  complete  the  verification  process 
faster  under  the  crisis  or  training  condition. 

Since  a  single  distribution  cannot  bo  constructed  for  the  range  oi 
conditio. is  under  which  ;  ,ie  siren  mode  might  be  used  to  warn  the  popula¬ 
tion,  a  range  of  values  of  a  is  determined,  and  guidelines  are  formulated 
for  selecting  valuer  of  fraction  of  the  population  in  shelter  within  that 
range . 

The  conditions  for  siren  mode  warning  where  radio  support  Is  slow 
and  whure  the  public  is  unprepared  for  wurnlng  roprobuuis  the  slow  limit 
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of  the  distribution.  In  a  false  air  raid  alert  in  Chicago  in  1959,* 
sirens  were  sounded  at  night  under  conditions  where  radio  broadcasts 
were  not  made  and  where  the  population  was  not  prepared  for  warning. 
Using  as  a  basis  the  study  of  the  responses  of  the  people  to  this  false- 
alert,  SKI  has  prepared  estimates  of  the  number  of  persons  who  came  to 
recognize  the  siren  signal  within  various  times  after  the  alert  began.* 
The  estimates  are  plotted  as  x's  on  Figure  16,  while  the  solid  line  on 
the  figure  shows  the  values  obtained  from  the  alert  verification  time 
distributing  fu/.ction  with  a  value  of  a  that  makes  the  mean  value  of  the 
function  represented  by  the  curve  the  same  as  the  tiean  val  ue  of  the  esti 
mated  points.  Hie  value  of  ct  used  is  0.17,  resulting  in  a  modal  va’ue 
of  1/.17  or  about  six  minutes.  Figure  16  shows  a  good  correspondence 
between  the  previous  estimates  and  the  distributing  function  selected, 
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ALERT  VERIFICATION  TIME  DISTRIBUTIONS  -- 
SIREN  ALERTING 
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A  population  that  is  ready  to  reacl  to  the  sirens  and  i'>  lr.  a  warn¬ 
ing  v*nvirorunent  where  emergency  announcements  ever  radio  and  TV  are- 
broadcast  at  the  same  t  tme  as  the  siren  signals  will  have-  an  ale-rL  veri¬ 
fication  time  distribution  approac.  Ing  that  for  the  indoor  ale-rting  mode-. 
However,  it  is  believed  that  the  siren  alerting  mode  cannot  e-quai  the- 
speed  of  indoor  alerting  because  the  lac):  cl  distinctiveness  in  the-  s.’.ren 
signal  will  always  result  in  listeners  requiring  more  time-  to  recognize- 
it.  A  value  of  0.33  was  therefore  ehoser.  as  the'  value  for  the  last  re-- 
p.ponse  to  sirens,  resulting  in  a  modal  value  of  1/.33  or  throe-  minutes. 


Between  the  limits  of  the  two  eases  Just  described — sirens  unsup¬ 
ported  by  radio  broadcast  warning  an  unpre-pared  population  end  slruiis 
supported  by  radio  broadcasts  warning  a  pre-pared  pe>pulalion--two  inter¬ 
mediate  cases  are  of  interest,  "lliese  cases  are-  those-  ol  sirens  supp-  rte-d 
by  radio  broadcasts  warning  an  unpre-pared  population  and  sirens  unsup¬ 
ported  ty  radio  broadcasts  warning  a  prepared  population.  The-  two  limits 
and  the  -wo  intermediate  cases  are  assigned  siren  el le-cli  ve-ne-ss  cast-  nurn- 
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In  Table  4,  jiopulatlon  preparedness  in  idun1.il  led  by  f,0  i  null i mum ,  I  h<> 
etatc  that  exists  today,  mid  HI,  which  would  result  low  mi  ex  I  ended 
crisis  or  from  an  'ixtroordtiiary  oitsirt  it/  Imreiihu  public  road  I  mint 
through  public  information.  itndlo  broadcast  suppol  i  in  iinllijird  by 
Existing,  the  cast-  thul  exists  today,  where*  nevei u I  iiilnutoa  would  •Inime 
botwuun  tile-  Siren  signal  ulurt  und  Urn  start  ol  emei  gout  y  hhiiiiuih  nm-iili, 
and  CTohu,  whore  the  start  oi  oirorgc-ncv  tui'ioiim  union  t  »  oi  imilo  would 
cluuoly  follow  the  start  of  the  siren  iilgnuis. 

Thu  alert  veil  f  J  eti  I  Ion  time  (1 1  nl  I  i  bu  l  ions  iol  lui.oh  i  and  IV  ale 
thu  limiting  cases.  itiiicu  the  spread  between  the  limits  it-  nut  gieal 


(.ec  iguivt,  3  and  7),  tne  interval  between  the  two  li...,its  01  Peri  „mu  m  e 

"  1VAOed  11,10  thn?fc  c^llaJ  i»  such  a  way  that  the  intervals 

between  the  font  cases  are  equal.  The  upper  limit  ol  the  curve  i-  Ucn 

°f  P"!»«laUo«  in  shelter  tor  rw  TV  siren  I  ,,t  ,  v.-ness  ior 
the  particular  tine  alter  the  alert  signal  sounds;  interpolating  one-third 
down  into  the  region  gives  the  fraction  ior  Case  HI;  one-third  ol  tie 
region  measured  from  the  lower  limit  gives  the  Paction  ior  Case  II  and 
the  lower  edge  of  the  region  is  the  fraction  ior  Case  I.  Figure  1?' illus¬ 
trates  the  spacing  of  the  siren  effectiveness  cases  in  the  area  shown  >n 
tm»  curve . 

Figure  17 

SPACING  CF  SIREN  EFFECTIVENESS  CASES 
£i  °N  FRACTION  OF  THE  POPULATION  CURVES 


/  ^ 


TIME  AFTER  ALERT  SIGNAL  STARTS, 


l'ormulas  ior  the  necessary  interpolations  ol  Cases  II  and  III  are 
given,  for  convenience,  on  Figures  3  and  7. 


AJLort_ye_riUcatlo„  Time  Distribution  im-  o..r . ; n„ 

The  no  alerting  mode  ol  warning  consists  of  warning  without  the  use 
0,1  “  'rtine  Stgnal*  Pc,,SOUii  *•«•«"»  ^  this  mode  may  hear  emoruenev 


broadcasts  over  radio  or  TV  it  they  have  their  radio  and  TV  sots  on  and 
are  listening.  Persons  may  also  be  warned,  witiioul  using  alerting  devices 
through  conununity  actions  oi  spreading  the  warning  by  word  ol  mouth.  Con¬ 
tacts  by  telephone  are  not  considered  because  the  telephone  system  may  be 
overloaded  or  subjected  to  restriction  by  the  telephone  company  during 
the  emergency  period. 

eltl  has  prepared  an  estimate  of  t'e  fraction  oi  the  population  warned 
for  u  nighttime  condition  without  using  alerting  devices.1.  These  esti¬ 
mates  are  based  on  an  earlier  SKI  analysis  oi  the  response-  ot  the  resi¬ 
dents  oi  several  California  communities  to  nighttime  ilooc!  warnings.  The 
estimates  are  shewn  by  x's  on  Figure  IS.  Also  shown  on  figure  18  is  a 
solid  line  computed  from  the  alert  verification  time  distributing  lormuia 
witli  a  value  of  Ci  obtained  by  matching  the  mean  value  ui  the  formula  with 
that  of  the  points  in  the  estimate.  The  resulting  value  of  u  is  0.0275. 
This  is  the  value  of  alpha  used  in  the  alert  ver i i ica t ion  time  distribut¬ 
ing  formula  that  was  used  to  prepare  the  curves  for  fraction  ol  the  popu¬ 
lation  in  shelter  as  a  function  eu  time  after  emergency  broadcast  starts 
for  the  no  alert  warning  mode. 


Fimei  e  1  8 

ALERT  VERIFICATION  TIME  DISTRIBUTIONS  — NO  ALERTING 


TIME  -  minutes 


*  Harper,  Coen,  and  Moll,  previously  cite!, 


Movement.  Preparation  Time 


Once  the  individual  has  decided  tha L  action  is  required,  prepara l ions 
must  bo  made  before  lie  can  begin  the  movement  toward  shelter.  The  time 
consumed  in  making  these  preparations  is  called  movement  preparation  time. 
Movement  preparation  time  begins  when  the  individual  verifies  the  alert 
and  decides  to  act,  and  ends  when  he  begins  movement  toward  shelter. 

These  preparations  Include  the  shutdown  ol  utilities,  the  collection  oi 
clothing  and  personal  effects  that  will  be  needed  in  the  shelter ,  and 
securing  the  home. 

OKI  performed  an  experiment  to  determine  the  preparation  ti.no  lor  a 
nighttime  population.*  The  results  are  shown  in  Figure  19.  While  OP.l 
gave  certain  caveats  about  using  these  data  lor  a  nationwide  propa rat  ion. 
time,  the  set  of  modifying  circumstances  is  close  enough  to  this  situa¬ 
tion  for  their  data  to  be  usable  hero.  The  experimental  probability  dis¬ 
tribution  indicated  by  the  experiment  has,  thoreloro ,  been  approximated 
by  o  formula  similar  to  that  used  tor  the  alert  verification  time: 
i(t)  =  p“te  ~  ;  where  l(t)  is  probability  density  distribution  iunction 

for  preparation  times;  t  is  the  time  since  preparations  began;  and  -  is 
a  constant  that  determines  the  shape  of  l he  curve.  The  assumed  distribu¬ 
tion  with  this  formula  is  also  plotted  on  Figure  19.  The  value  oi 
computed  from  the  mean  oi  the  sample  data,  is  0.4i.  Again,  Figure  19 
shows  good  agreement  between  the  sample  data  and  The  a  sumed  formula. 

2 .  Figure  19 


MOVEMENT  PREPARATION  TIME  DISTRIBUTIONS 


TIME  AETER  PREPARATION  BEGINS  -  minutes 

*  ExnerJniifnt.il  Measurement,  pre lonely  cited. 


Computing  Starting  Time  Distributions 


Once  the  probability  that  an  individual  will  complete  the  alert 
verification  process  and  the-  movement  preparation  in  a  given  time  has 
been  determined,  the  next  step  is  to  compute  the  probability  that  he 
will  be  ready  In  leave  1  or  the  shelter  al  a  given  time  after  the  alert 
signal  begins.  Since  the  individual  is  now  being  considered,  tile  two 
times  cannot  be  simply  added  together,  because  ti ere  is  no  discrete  lime 
assigned  to  either  event.  Rather,  a  distributing  function  must  be  con¬ 
structed  for  the  sum  of  the  two  times,  alert  verilicatlon  and  movement 
preparation,  using  the  distributing  functions  for  the  two  times.  The 
value  of  the  distributing  function  for  the  sum  of  the  two  times,  at  any¬ 
time,  T  is  the  sum  of  the  products  of  the  two  distributing  function.? 
evaluated  for  all  possible  combinations  ol  the  two  times,  which  add  up 
to  T.  This  is  simply  a  statement  that  the  traction  ol  the  population 
that,  requires,  say,  10  minutes  to  complete  botli  verification  and  prepara¬ 
tion  is  the  sum  cf  the  following  fractions  of  the  population:  the  frac¬ 
tion  that  would  comp  etc*  verification  in  5  minutes  and  preparation  in 
5  minutes,  the  fraction  that  would  complete  ver.il ication  in  4  minutes 
and  preparation  in  6  minutes,  the  traction  that  would  complete  verifica¬ 
tion  in  6  minutes  and  preparation  in  4  minutes,  and  so  on  for  all  combi¬ 
nations  of  time  that  total  10  minutes.  This  process  is  repeated  for  all 
values  of  T. 

Figure  20  illustrates  the  shape  of  a  starting  time  distribution. 

Also  shown  on  Figure  20  is  the  movement  preparation  time  distribution 
and  alert  verification  time  distribution  from  which  it  is  obtained. 


50 


DENSITY  DISTRIBUTING 


All I  MOVEMENT  TIME  ANALYSIS 


The  manner  in  ;hich  the  movement  time  distributions  tor  the  existing 
and  1970  shelter  po^  ures  were  developed,  is  described  in  this  section. 
Also  discussed  is  the  method  by  nhiiii  the  starting  time  distribution  was 
combined  wit!;  the  movement  time  distribution  to  yield  the  number  expected 
in  shelter  as  a  function  of  time  alter  the  alert  signal  starts. 

Movement  time  is  the  time  elapsing  between  the  instant  an  individual 
completes  his  preparations  to  move  to  shelter  and  starts  moving  toward 
shelter  and  the  instant  at  which  he  arrives  at  the  shelter.  The  movement 
lime  for  an  individual  is  determined  solely  by  the  distance  he  must  travel 
between  his  location  at  the  time  of  the  emergency  and  his  assigned  shel¬ 
ter,  and  the  average  speed  he  is  likely  to  attain  in  traversing  this  dis¬ 
tance  . 

To  simplify  the  problem  of  deriving  the  distributing  functions  for 
movement  time,  the  location  of  the  population  at  the  time  the  warning  is 
delivered  will  be  specified  as  the  resident  population.  This  population 
distribution  would  be  approximated  if  an  attack  occurred  during  the  night¬ 
time  hours.  This  approximation  is  sufficiently  accurate,  since  this 
method  liar  been  designed  for  evaluation  of  systems  involving  radio  warr¬ 
ing,  which  employs  an  indoor  device  most  applicable  to  these  periods  when 
most  of  the  population  is  at  home. 

The  number  and  location  oi  the  population,  as  well  as  the  number  and 
locations  of  the  shelters  for  the  public,  will  change  with  time.  To  pro¬ 
vide  a  large  of  these  variables  over  which  to  analyze  warning  systems, 
two  seta  iji  nuwenpni  time  distributions  have  been  derived:  one  for  the 
1960  resident  population  and  the  number  and  location  oi  fallout  shelter 
spaces  in  existence  on  January  1  ,  1965;  and  the  second  for  the  estimated 
1970  resident  population  and  the  estimated  number  and  location  of  shelter 
spaces  that  would  result  from  the  implementat ion  of  a  nationwide  slid  tel 
development  program  These  two  sets  of  conditions  oi  people  and  shelters 
are  called  the  existing  shelter  posture  and  the  1970  shelter  posture, 
respectively . 

Because  population  density  and  availability  oi  shelter  are  different 
in  large  cities,  in  suburbs  oi  large  cities,  and  in  rural  areas  (includ¬ 
ing  small  towns),  warning  system  performance  may  not  be  the  same  in  each 


ol  these  areas.  Also,  the  arrival  time  oi  the  fallout  liv'm  a  nuclear 
attack  is  assumed  to  be  longer  in  nonmctropol i tat:  areas  than  in  metro¬ 
politan  areas.  To  allow  tor  these  dll lereneos ,  three  movement  time  dis¬ 
tributions  have  been  prepared  and  kept  separated  ior  each  shelter  posture. 
The  three  distributions  are  for  central  cities  ol  urbanized  areas,  urban 
fringe  areas,  and  nonurbar.izcd  areas. 

The  census  defines  an  urbanized  area  as  one  which 


.  .  .  contains  at  least  one  city  of  50,000  Inhabitants  or  mo-e 
in  1960,  as  well  as  the  surrounding  closely  settled  incorporated 
places  and  unincorporated  areas  that  meet  the  criteria  listed 
below.  An  urbanized  area  may  be  thought  of  as  divided  into  the 
central  city,  or  cities,  and  the  remainder  of  the  area,  or  the 
urban  fringe  .... 


In  addition  to  its  central  city  or  cities,  an  urbanized  area 
contains  the  following  types  oi  contiguous  areas,  whicli  to¬ 
gether  constitutr  its  urban  fringe: 

1.  Incorporated  places  with  2,500  inhabitants  or  more. 

2.  Incorporated  places  with  less  than  2,500  inhabitants, 
provided  each  has  a  closely  settled  area  of  100  hous¬ 
ing  units  or  more. 

3.  Towns  in  the  New  England  States,  townships  in  New  Jer¬ 
sey  and  Pennsylvania,  and  counties  elsewhere  which  are 
classified  as  urban. 


4. 


Enumeration  districts  (ED’ s)  in  incorporated  territory 
with  a  population  density  of  1,000  or  more  per  square 
mile.  (The  areas  of  large  nonr esidential  tracts  de¬ 
voted  to  such  urban  land  uses  as  railroad  ya  ds  ,  fac¬ 
tories  ,  and  cemeteries  were  excluded  in  computing  the 


+  -i  ^»\  ♦  ♦ 


5.  Other  EC's,  provided  that  they  served  one  of  the  fol¬ 
lowing  purposes: 


a.  To  eliminate  enclaves. 

b.  To  close  Indentions  in  the  urbanized  areas  of 
one  mile  or  less  across  the  open  end. 

c.  To  link  outlying  ED' s  of  qualifying  density  that 
were  no  more  than  1-1/2  miles  from  the  main  body 
of  the  urbanized  area.* 


*  Characteristics  of  the  Population,  previously  cited. 
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Movement  Time  Distributions  for  Existing  Slid  ter  Posture 


The  shelter  spaces  that  have  been  identified  b>  the  National  fallout 
Shelter  Survey  are  predominantly  located  in  the  downtown  areas  oi  central 
cities,  where  the  core  area.;  oi  multistory  oilice  buildings  oiler  a  con¬ 
siderable  amount  of  space  with  an  adequate  protection  from  fallout  radia¬ 
tion.  Smaller  amounts  ol  space  are  located  in  areas  outside  the  downtown 
area.  Shelters  outside  the  downtown  area  usually  serve  only  a  limited 
number  of  persons  in  the  Immediate  vicinity  of  the  shelter,  requiring 
most  of  the  residents  of  urbanized  areas  to  seek  shelter  in  the  downtown 
area  of  the  central  city'  or  to  improvise  their  own  protection.  For  the 
purposes  oi  this  discussion,  the  shelters  located  away  from  the  downtown 
areas  are  called  neighborhood  shelters,  and  those  located  in  the  downtown 
area  are  called  downtown  shelters. 

The  approach  taken  to  find  the  movement  time  distributions  for  the 
central  cities,  urban  fringe  areas,  and  nonurbanized  areas  inr  the  exist¬ 
ing  shelter  posture  has  been  to  derive  one  form  of  distribution  for  move¬ 
ment  to  neighborhood  shelters  and  another  for  movement  to  downtown  shel¬ 
ters.  These  basic  movement  time  distributions  contain  parameters  for 
time  to  complete  the  move,  for  population  involved,  and  for  population 
density  distribution.  Each  area--central  cities,  urban  fringe,  and  noil- 
urbanized — is  analyzed  to  determine  the  parameters  to  use  and  the  alloca¬ 
tion  of  the  area  population  between  neighborhood  shelters  and  downtown 
shelters,  and  for  those  who  will  not  be  able  to  iind  shelter. 

Although  many  communities  seek  to  provide  shelter  fer  all  oi  their 
residents,  using  overcrowding  or  shelters  of  lower  protection  factor  where 
there  are  not  enough  bona  fide  spaces  for  the  residents,  such  interim 
solutions  are  not  considered  here.  Only  the  number  of  spaces  identified 
in  the  survey  is  considered. 


Basic  Movement  Time  Distributions 


Distribution  of  Movement  Times  to  a  Neighborhood  Shelter.  The  ser¬ 
vice  area  fer  a  shelter  (or  shelter  complex)  is  the  area  containing  the 
residents  assigned  to  that  shelter  for  which  the  area  is  defined.  Hie 
shelter  service  area  provides  the  shelter  planner  with  a  convenient 
method  of  assigning  persons  to  shelter,  since  the  identification  of  the 
service  area  on  a  map  is  an  explicit  instruction  of  where  to  go  for 
shel ter . 

Neighborhood  shel ter  service  areas  will  usually  be  a  square  area 
with  the  shelter,  or  shelter  complex,  in  the  center  of  the  square.  This 
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follows  because  the  planiur  must  usually  limit  himseii  to  assigning  all 
the  residents  o.t  whole  blocks  within  the  service  area,  and  because  he 
hopes  io  iill  the  shelter  as  quickly  as  possible.  The  restriction  to 
whole  blocks,  made  because  of  ease  of  describing  the  area  and  avoidance 
oi  discrimination  between  next-door  neighbors  on  the  basis  oi  estimated 
data,  means  that  the  shelter  service  area  must  be  rectangular.  The  at¬ 
tempt  to  file  the  shelter  as  quickly  as  possible  results  in  taking  blocks 
equidistant  from  the  shelter,  and  hence  the  square  shape. 

Fox  the  purpose  of  tills  analysis  it  is  assumed  that  the  Shelter  ser¬ 
vice  area  has  a  unifoxm  resident  population  density.  Fixe  assumption  oi 
equal  population  density  is  justified  by  the  earlier  premise  that  the 
area  served  by  the  neighborhood  shelters  is  small.  Further,  all  pei'sons 
moving  to  the  Shelter  must  follow  the  stx-eets;  that  is,  must  fake  a  path 
consisting  of  egments  parallel  to  the  sides  of  the  area  —  shortcuts  ai'e 
not  allowed. 

The  restriction  of  travel  to  a  rectangular  grid  system  oi  streets 
result.s  in  a  locus  of  equal  distance  to  the  shelter,  which  is  square, 
rotated  at  a  45°  angle  to  the  street  axis,  as  shown  in  Figure  21. 


Figure  21 

ILLUSTRATION  OF  SHELTER  SERVICE  AREA 
AND  LINE  OF  EQUAL  DISTANCES 
TO  CENTER  OF  AREA 


SHELTER 

a- r 


Line  of  equal  distances  along 
rectangular  grid  to  center 
of  a.ea 


BOUNDARY  OF  SERVICE  AREA 
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Consider  such  a  square ,  constructed  to  represent  the  locus  ui  all  points 
a  distance,  r,  from  the  center  ol  the  area  The  number  ol  persons  who 
are  located  a  distance  r  or  less  from  the  shelter  is  the  area  ol  Inc 
square  times  the  population  density  lor  the  area.  The  cumulative  distri¬ 
bution  of  the  population  with  distance  can  therefore  be  described  by 
describing  the  area  oi  the  square  ol  constant  distance  that  is  also  in¬ 
side  the  service  area,  as  a  function  of  r  and  multiplying  the  resulting 
expression  by  the  constant  density. 

For  neighborhood  shelters  it  will  be  assumed  that  the  service  areas 
are  small  enough  that  if  all  the  population  were  to  walk  to  the  shelter, 
they  would  reach  it  within  the  required  time.  The  speed  oi  walking  is 
not  the  same  for  everyone,  which  means  that  a  precise  description  of  the 
walking  speed  could  be  made  only  by  a  distribution  oi  speeds  for  the 
population.  However,  the  variability  of  walking  speed  is  considered 
small  enough  that  a  good  representation  of  the  distribution  can  be  made 
by  using  a  single  average  speed.  Use  of  a  single,  rather  than  distrib¬ 
uted,  walking  speed  also  greatly  simplifies  the  computation  oi  movement 
time  and  fraction  of  the  population  in  shelter. 

Using  the  average  walking  speed,  the  cumulative  distribution  of  dis¬ 
tance  can  be  converted  to  a  distribution  of  movement  time  by  dividing  the 
distance  scale  by  the  movement  speed.  The  final  formula  for  cumulative 
movement  time  distribution  in  derived  by  expressing  the  movement  time  as 
a  fraction  of  the  maximum  ment  time  in  the  area,  i.e.,  the  time  re¬ 

quired  for  the  person  fartni-st  from  the  shelter  to  move  to  the  shelter. 

The  population  in  the  final  formula,  is  expressed  as  a  fraction  of  the 
total  number  of  residents  of  the  area.  Explicit  requirements  for  the 
velocity  term  and  the  value  of  the  population  density  are  thus  eliminated. 
The  formula  fox  cumulative  distribution  that  results  is: 


"  pa  v  •'iil 


V  -w.  CJTI 


■^pn^t-m)  ~  1 


T/2  <  tm  <  T  ; 


Fpn^m)  -  1 


where : 


T  <  tm. 


Fpn(tm)  is  the  fraction  of 
hood  shelter  who  will  require  a 


the  population  served  by  the  neighbor¬ 
time,  tm,  or  less  to  move  to  the  shelter. 
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t^  is  the  iiuvumunt  to  shelter  time,  usually  in  minutes. 


T  is  the  movement  time  required  by  the  person  in  the  area  who  is 
farthest  from  the  shelter. 

*  Distribution  of  Movement  Times  to  Downtown  Shelters.  Because  the 

number  of  shelter  spaces  in  the  downtown  sections  oi  urbanized  areas  is 
relatively  large,  the  area  served  by  these  downtown  shel _ers  ,  taken  as 
a  group  or  cluster,  is  large.  Because  ol  this  relatively  large  area 
the  assumption  of  constant  population  density  over  the  shelter  service 
area  does  not  apply.  The  population  density  of  metropolitan  areas  is, 
on  the  average,  however,  fairly  predictable  in  terms  of  distance  from 
the  center  of  the  area.  With  the  derslty  known  as  a  function  ol  distance 
from  the  center  of  the  metropolitan  area,  the  distribution  of  the  popula¬ 
tion  with  distance  from  the  center  can  aiso  be  found. 

Weiss*  describes  the  work  of  Clark  In  the  late  1940s  and  early 
1950s,  which  shows  tire  exponential  trend  oi  decreasing  population  den¬ 
sity  with  increasing  distance  from  the  center  oi  the  area.  From  Clark’s 
distribution  oi  population  density,  Weiss  develops  a  formula  for  tire 
number  of  persons  who  live  a  given  distance,,  or  less,  from  the  center  of 
(  an  urban  area,  as  follows: 

P(r)  =  Pni  [  1  -  e-,J1’(l  4-  br)] 
where : 

P(r)  is  the  numb  r  oi  persons  who  live  on,  or  within,  u  circle  ol 
radius  r,  whose  center  is  in  the  center  oi  the  urbanized  uvea. 

P,„  Is  the  total  population  oi  i  he  urbanized  area, 

r  is  the  distance  iroin  the  center  of  the  urbanized  area,  ami 

*  b  is  a  constant  lor  cuch  urbanized  area  which  describes  the  lute  at 

which  the  population  density  tails  oil  with  distance  lrom  the  center  oi 
the  area . 


*  Herbert  K.  Weiss,  The  Distribution  ol  Urban  Population  and  un  Appli¬ 
cation  to  a  Servicing  Problem,"  Opera! Ions  Hcscurch ,  The  Journal  ol 
the  Opera  dons  Research  Society  el  Amorlca  ,  Vol  .  9,  Ho.  (j,  Novumbui  - 
December  1901,  pp.  B00-74. 
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Weiss  also  develops  a  method  for  estimating  b,  based  upon  the  popu¬ 
lation  oi  the  urbanized  area,  as  follows: 


1. 

3 


where : 

b  and  are  as  defined  above. 


'fills  expression  was  derived  by  fitting  a  straight  line  to  a  set  of 
b-vulucs  plotted  against  population.  The  variance  oi  points  irom  this 
line  is  considerable.  Tilts  means  that  the  value  oi  t>  thus  obtained  may 
be  in  error  lor  a  particular  city.  Fortunately,  however,  the  mean  value 
for  several  cities  combined  is  satisfactory  from  such  an  estimate;  lienee 
the  use  ol  tills  expression  for  the  nationwide  distribution  of  persons  Is 
also  satisfactory. 


The  distribution  ol  movement  times  to  downtown  shelters  may  be  de¬ 
rived  from  Weiss's  formulas  by  again  assuming  that  an  nvo'-age  speed  cun 
be  Used  to  approximate  the  distribution  ol  movement  speeds,  and  by  making 
on  assumption  about  the  <!  I  sir l hu - Ion  oi  the  neighborhood  shelters.  While 
some  estimates  ol  file  <1  i.s trlbu t ion  ol  shelter  spaces  have  been  made,*  the 
estimates  oiler  no  way  ol  predicting  the  distribution  of  tile  spaces  lor 
UP.)  given  city.  For  this  reason,  the  d  Is  tr  1  hu  I.  Ion  ol  those  sheltered  In 
neighborhood  shelters  will  he  assumed  to  tie  propor l lonul  to  the  popula¬ 
tion.  With  thin  assumption,  the  movement  lime  distribution  1  or  movement, 
to  downtown  shellacs  is: 

V .  . 

--rbvlm  n 

h .  i  (  t  «  ..  i  _  •<  fl  •  —pvt-.): 


where : 


tha  l 


Fj)d  (  l  (i, )  Is  the  I  ruction  oi  I  lie  population  ol  a  mu  tropo  t  i  luu  area 
crii  lunch  downtown  shutter  in  u  time,  tni,  or  less; 


*  John  ’..'ruin  and  do* l  ies  l).  Illgelow,  C 1  v  1  I  Ijplcnuo  Rescue  Iloip:  1  ri  lilou l  h 
Following  a  Nut,  lour  A  Hack ,  litunK.  id  llusuurcli  limit',  u  to,  February 
100b ,  pp,  17-Ui. 
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tm  is  the  movement  time, 


b  is  a  constant  that  describes  low  urban  population  density  (alls 
off  with  distance  from  the  center  oi  the  area, 

v  is  the  average  movement  speed  with  which  persons  in  the  area  can 
move  to  the  shelter-. 

The  speed,  v,  used  in  this  expression,  must  be  reduced  by  a  factor  of 
7 r/4,  because  the  distance  from  the  center  of  the  urbanized  area  is  mea¬ 
sured  radially  in  the  Clark  distribution,  but  the  people  can  travel  only 
along  the  streets.  The  factor-  7,-/4  is  the  average  radial  speed  of  persons 
traveling  with  a  spe  d  ol  one  unit  along  rectungular  street  pattern. 

Model  Urbanized  Areas  Used  to  Construct  Distributions  ol  Movement 

Times  in  Central  Cities  and  Urban  T'jnge  Areas 

IJecuuse  oi  large  dlilorences  in  the  number  oi  shelters  available  to 
the  populations  ol  the  diiicrcnl  urbanized  areas,  and,  to  a  lesser'  extent, 
becau.-.e  ol  dii  i  cronces  in  size  of  standard  locations,  population  densi¬ 
ties,  and  so  on,  individual  analysis  of  each  oi  the  212  urbanized  areas 
would  be  desirable.  Such  an  analysis,  however-,  would  be  excessively 
lime-consuming  for  purposes  of  this  study.  As  a  compromise  in  the  dotal) 
oi  analysis,  28  model  urbanized  areas  have  been  constructed  to  represent 
the  212  ureas  in  the  dH  states  under  coirs idern t ion .  A  description  of  how 
these  28  models  have  been  construe  tod  iollews. 

Model  ureas  one  through  twe-n ly-fcmr  correspond  to  the  urbanized  areas 
associated  with  the  2  1  SMSAs  -hose  population  exceeded  one  million  in 
l!lf)U.  The  numbering  ol  the  model  areas  corresponds  to  the  ranking  by 
number  of  Inhabitants  oi  the  2-1  b.MSAs  111  19PU.  Kadi  of  these  firm  2-1 
model  a  re as  cnrrospoinls  In  every  way  to  the  corresponding  urbanized  area, 
tliaL  Is,  by  land  area,  number  ol  inliabi  tanls ,  miiueer  ol  shelter-  spaces, 
number-  ol  slandurd  locations.  The  r.-ombl  nod  r«>nn  1 1. 1  ier  «./  those  2  .  >. . .  i  . ,  i . . 
is  ribuut  hall  the  lulul  population  ol  .SM.SAs  ,  but  these  ureas  cunt  rub 
ubout  l wo -thirds  ol  the  existing  shelter  spaces. 

The  lwunly-111 th  model  Is  a  composite  ol  the  urbanized  ureas  cm re¬ 
sponding  to  the  liexl  1  .'i  lar  gest  bM.'iAi.  ,  ranked  according  to  Iholr  1UU0 
populations.  'Hie  chi- 1  uc  ter  is  L 1 1  s  ol  this  comjioHite  area  are  such  Dial 
the  total  population  r  upi  nseillcd  by  the  model  Is  the  sum  ol  the  |x/pulu- 
tlous  ol  the  Id  clllea  (slightly  over'  10  million);  and  the  land  urea, 
number  oi  aland, ird  locations,  ole,,  Is  likuwlse  the  (rum  oi  these  iiu  t>  l  J.  — 
ties  for'  all  the  Id  areas. 


Tlie  twenty-sixth  model  Isa  composite  ol  the  urbanized  areas  asso¬ 
ciated  with  the*  next  18  largest  SMSAs .  The  twenty-seventh  is  a  composite 
el  the  next  29,  and  the  twenty-eighth  is  a  composite  of  the  remaining  128 


Movement  Time  Distribution  for  Residents  oi  Central  Cities 


The  following  approach  has  been  used  to  analyze  the  movement  time 
distribution  for  central  cities.  The  central  city  of  each  of  the  28 
model  urbanized  areas  is  divided  into  two  parts,  a  downtown  and  the  re¬ 
mainder  oi  the  central  city.  Representative  movement  time  distributions 
to  neighborhood  shelter  wore  constructed  for  each  area  subdivision  oi 
each  of  the  28  model  cities.  Each  oi  these  distributions  is  weighted  by 
the  population  sheltered  in  each  oi  the  subdivisions  of  each  city.  Those 
weighted  distributions  urn  combined  by  adding  the  weighted  values  of  all 
the  distributions  at  each  value  of  movement  time.  Alter  deducting  the 
number  sheltered  in  neighborhood  shelters,  a  movement  time  distribution 
for  downtown  shelters  is  constructed  for  each  of  the  28  model  central 
cities,  each  resulting  distribution  is  again  weighted  by  the  number  oi 
persons  represented  by  the  model,  and  the  distribution  is  truncated  11 
the  number  ol  shelters  Is  loss  than  the  central  city  population.  The 
resulting  weighted  distributions  are  added  at  each  value  oi  movement 
time.  The  two  weighted  movement  Lime  distribution!) ,  one  lor  neighbor¬ 
hood  shelter,  one  tor  downtown  shelter,  are  then  added  ut  ouch  value*  ol 
movement  time  and  divided  by  the  total  population  oi  central  cities  to 
produce  the  resulting  movement  time  distribution  for  all  central  cities. 

Tor  purposes  of  this  study,  downtown  is  used  in  two  senses  in  this 
analysis:  first,  when  Used  to  describe  the  process  ol  moving  to  shelter 

in  the  downtown  area ,  downtown  is  a  non-specific  term  lor  the  center  ol 
town.  When  used  to  describe  part  ol  the  eily,  however ,  a  specille  part 
ol  the  city  is  defined.  The  part  ol  the  city  that  1;.  defined  as  the  down 
town  is  that  which  lies  inside  u  circle  whose  rudias  is  equal  to  one- 

Xwuii.ii  Indl  w  t  it  biii-i'.'  tf-i  uivalcii  in  toi^c  Li>  u  i  i  >*  1 11  i  /  «*ii  men  ,  fin* 

center  of  the  downtown  circle  lies  in  the  center  ol  the  central  city.* 
Downtown  nreus  have  been  idea til  led  for  tile  iOU  largest  urbanized  areas. 
Tills  definition  is  urbltrury  in  the  sense  Ihut  there  Is  no  essential 
characteristic  oi  the  area,  such  us  presence  ox  commercial  or  large  multi 
story  residential  buildings,  or  other  lund  use,  which  del  lues  the  urea. 


*  David  W.  Goodrich,  Utilization  ol  Kxistlr.g  Shelter  in  Metropolitan 
Areas,  Gtunfurd  Houcurch  institute  Report  No.  UM-UAI’-i2,  Menlo  1'urK, 
Cal  Horn.' a,  February  1905,  p,  11. 


It  may  also  be  seen  that  the  downtown  and  the  central  city  may  not  even 
bo  coterminous ,  because  the  central  city's  boundaries  are  loyally  estab¬ 
lished,  and  irregularities  oi  the  central  city  boundary,  or  a  .small  cen¬ 
tral  city  In  a  large  urbanized  area,  sometimes  result  in  parts  oi  the 
downtown  area  lying  in  the  urban  fringe.  The  number  ot  persons  living 
in  such  areas  is  small,  however;  so  the  effect  oi  the-  anomaly  on  the 
movement  time  distribution  is  small.  tor  purposes  ol  this  analysis,  it 
will  therefore  be  assumed  that  the-  downtown  lies  entirely  within  the  cen¬ 
tral  city. 

The  standard  location  areas  (SL)  have  beer  identified  by  the  Census 
Bureau*  to  facilitate  damage  assessment  computations.  The  standard  loca¬ 
tions  consist  of  census  tracts  in  areas  that  have  been  traded,  and  wards, 
minor  civil  divisions,  census  county  division,  small  towns,  and  enumera¬ 
tion  districts  in  areas  that  have  not  been  traded.  Population,  as  well 
as  number  oi  shelter  spaces  and  other  resources  have  been  tabulated  by 
SB  for  use  i  ri  <  >mpu Ler-ba sed  damage  assessment  programs.  For  this  pur¬ 
pose,  cue! i  stancard  location  area  is  numbered  and  its  center'  located  by 
geographic  coord Um  lea. 


SKI  has  compiled  a  listing  oi  tne  lradlon  ol  populations  ol  compo¬ 
nent  parts  ol  standard  Metropolitan  statistical  a  ecs  (  MSAs)  who  can  be 
Sheltered  in  their  own  SB.*  Tills  Tabulation  is  used  as  ’lie  basis  oi 
determining  the  number  who  will  be  sheltered  in  neighborhood  shelters 
for  the  urbanized  areas  under  consideration  in  tills  report.  The  data 
are  used  in  the  loti  owing  way. 


1,  For  cacti  of  the  2h  model  cities,  the  downtown  area  Is  computed 
according  to  the  definition  ot  downtown  as  one-six  teen  III  el  the 
area  ot  the  urbanized  area  rcv'C'Seni  ecJ  by  the  model.  The  areas 
oi  the  urbanized  areas  are  tabulated  In  census  data,'' 

2.  The  number  <>l  standard  locations  In  tin-  downtown  area  ol  ouch 
model  city  is  determined  liom  data  preparer!  in  conjunction  will, 

ini  riii*  dc'V.'l: 

computed  from 

only  one,  Hliel- 
icl'i'ii  lor4  nr-lgli- 
thc  2b  Modul 


the  roioroncud  tuuulutlon . ^  Tin  'J  ]  •  •  c/ lw  ii  1  /-*•’ 

town  urea  ol  each  ol  the  2b  model  cities  is  then 
the  number  oi  .MBs  and  their  area. 

J.  The  utfHUUiirL  ton  Js  mudu  that  each  iiL  bud  one,  and 
fur  or  cl  us  I  or  ol  .•iheltors.  Thu  uverugc  service 
borhood  sliel  tors  in  the  downtown  nren  ol  ouch  oi 


*  National  bu  utluii  Code,  lluruau  of  the  Census,  lHt>2. 
t  Goodrich,  previously  cited, 

♦  Chuructcrlutlca  ol  the  Population,  previously  cited. 
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cities  is  determined  by  multiplying  the  average  01,  size  by  t In¬ 
fraction  oi  th <3  population  ol  the  model  city's  population  who 
could  be  sheltered  in  their  own  SL ,  from  the  tabulation. 

4.  The  lime  for  Die  1  urt her.nost  person  in  the-  service  area  to  reach 
shelter,  T  in  the  movement  time  distribution  formula,  is  found 
by  reg.i rdin.'f  the  average  drainage  area  as  a  square,  making  the 
maximum  distance  to  the  center  equal  to  the  square  root  oi  the 
area,  and  considering  that  the  persons  in  downtown  areas  car, 
walk  at  three  miles  per  hour. 

5.  Tlie  weighted  distribution  is  found  by  multiplying  the  distribu¬ 
tion  constructed  from  the  T  for  each  downtown  area  by  the  number 
oi  persons  whu  can  be  sheltered  in  their  own  SL  for  that  area , 
from  the  tabulation.* 

The  process  used  to  determine  the  weighted  distributions  of  movement 
times  to  neighborhood  shelters  in  the  remainder  ol  central  cities  is  the 
same  as  that  used  in  finding  the  distribution  for  Die  downtown  areas. 

The  area  ol  the  remainder  of  the  central  city  is  iound  by  subtracting  the 
downtown  area  iron  the  central  city  area,  also  tabulated  by  the  census . f 
The  number  ot  standard  locations  and  the  number  o*  persons  who  can  find 
shelter  in  their  own  standard  locations  are  determined  from  the  SHI  tabu¬ 
lation  .  v 

The  distribution  o/  movement  times  to  downtown  slid  tors  lor  resi¬ 
dents  oi  central  cities  is  found  by  the  following  process: 

1.  The  value  ol  the  exponent  b,  which  describes  the  drop-oil  of 

population  density  with  distance  from  the  city  center,  is  com¬ 
puted  train  Weiss's  formula,  using  the  population  ol  the  model 
urbanized  area  lor  models  i-2'1  ,  and  the  average  population  ior 
models  25-l.b. 

z,  ior  each  urbanized  urea  represented  by  the  models  oi  urbanized 
areas,  Die  resident  population  ol  the  area  is  reduced  by  the 
number  of  persons  whu  can  iind  shelter  in  neighborhood  shelters 
lor  that  urc-n .  This  population  is  used  to  weight  the  distribu¬ 
tion  obtained  for  each  ot  the  20  model  urban j zed  areas. 


*  Goodrich,  previously  cited. 

1  Chnrut, terlatlcs  ul  the  Population,  previously  cited. 
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3.  The  weighted  distribution  of  movement  times  to  downtown  shelters, 
using  the  value  oi  (>opulation  and  b  Just  computed,  is  compared 
with  the  number  oi  shelters  available  In  the  downtown  area.  This 
number  oi  available  shelters  is  determined  by  subtracting  the 
number  oi  persons  in  each,  sheltered  in  their  own  SI,,  in  each  metro¬ 
politan  area  corresponding  tc  each  oi  the  model  areas,  from  the 
number  oi  shelters  in  that  metropolitan  area.  The  distribution 

is  truncated  if  the  number  of  shelters  la  less  than  the  popula¬ 
tion  of  the  central  city  moving  to  shelter  in  the  downtown  area. 

4.  In  each  of  the  model  urbanized  areas  it  is  assumed  that  persons 
can  walk  at  three  miles  per  hour  in  downtown  areas,  and  that 
they  can  ride  in  automobiles  at  20  miles  per  hour  in  the  remain¬ 
der  of  the  c  ntral  cities  when  moving  to  downtown  shelters.  It 
is  further  assumed  that,  whether  by  plan  or  not,  an  effective 
cordon  would  exist  around  the  downtown  area  that  would  require 
parking  cars  used  to  transport  pel's  ons  from  the  remainder'  ol  the 
central  city.  Persons  who  had  used  automobiles  to  ride  to  the 
edge  of  the  downtown  area  would  walk  from  there  to  the  shelter. 

Because  the  effect  upon  the  result  is  small  and  because  the  com¬ 
putations  are  greatly  simpliiied,  the  movement  velocity  is  taken 
as  three  raph  for  everyone  if  the  radius  of  the  downtown  Is 
greater  than  one  and  one-half  miles,  corresponding  to  a  travel 
time  ol  30  minutes.  This  simplification  is  made  under  the  as¬ 
sumption  that  the  fraction  ol  the  population  in  shelter  is  evalu¬ 
ated  at  about  30-45  minutes  alter  the  alert  signal  starts,  or 
about  30  minutes  ol  movement  time.  The  number  of  persons  out¬ 
side  the  downtown  area  who  can  get  to  the  downtown  shelters  is 
small  for  this  period  of  time.  In  those  model  urbanized  areas 
where  the  radius  of  the  downtown  area  is  less  than  one  and  one- 
hall  miles,  the  riding  velocity  oi  20  miles  per  hour  is  used 
throughout  the  trip,  but  a  time  delay  is  introduced  to  adjust 
for  the  talking  trip  to  the  shelter.  Again,  this  is  n  good 
approximation  for  the  range  ox  movement  time  under  consideration. 

Finally,  a  weighted  movement  time  distribution  for  central  cities 
under  the  existing  shelter  posture  is  formed  by  adding  the 
weighted  distributions  for  movement  to  both  neighborhood  and 
downtown  shelter,  in  both  the  downtown  area  and  in  the  rest  oi 
the  central  city.  The  movement  time  distribution  for  central 
cities  is  found  by  dividing  the  resulting  weighted  distribution 
by  the  total  population  of  ail  the  central  cities. 
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Movement  Time  Distribution  lor  Residents  ol  Urban  fringe  Areas 
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The  weighted  movement  time  distribution  for  movement  to  neighborhood 
shelters  in  urban  fringe  areas  is  computed  In  exactly  the  same  manner  as 
that  for  movement  to  neighborhood  shelters  in  central  cities.  However, 
the  SRI  tabulation*  used  as  a  data  base  for  both  areas  is  made  lor  SMSAs , 
with  no  distinction  between  the  urban  fringe  of  the  urbanized  aloa  and 
the  part  of  the  SMSA  that  does  not  include  the  urban  fringe.  Some  modi¬ 
fications  in  the  SRI  tabulations  have  therefore  been  necessary  because 
the  SMSA  includes  the  entile  county  associated  with  the  central  city  of 
the  metropolitan  area,  while  the  urban  fringe  area  has  been  identified 
on  the  basis  ol  whether  the  character  of  the  area  is,  in  fact,  urban. 

This  difiorence  between  the  part  of  the  SMSA  outside  the  central 
city  and  the  part  of  the  urbanized  area  outside  the  central  city  is  dra¬ 
matized  by  the  following  comparison  oi  census  data  for  the  two  areas; 


Land  Area 

Population  ( sq  mi) 


Urbanized  Areas  37,873,355  i4,107 

SMSAs  54,880,844  299,895 


The  large  discrepancy  in  the  land  areas  and  the  much  smaller  rela¬ 
tive  dliference  in  population  indicate  that  the  population  density  in 
the  urban  fringe  ureas  is  much  greater  than  the  tverugo  ior  SMSAs  outside 
the  central  cities,  bata  developed  for  the  SMSA  nas  therefore  been  con¬ 
verted  to  urban  fringe  data  by  representing  the  uiban  iringo  as  a  part  of 
the  SMSA  wholly  contained  within  the  SMSA.  The  number  oi  SLs  and  the  num¬ 
ber  of  persons  sheltered  within  their  own  SL  (which  hud  been  tubulated 
lor  the  SMSA)  are  allocated  to  urban  fringe  and  nonurbanized  areas  accord¬ 
ing  to  the  ratio  cl  the  population  ol  the  urban  fringe  portion  to  that  of 
the  r.or.  city  Pei  lion  in  rhe  SMSA  in  which  It  is  contained.  With  the  num¬ 
ber  of  urban  fringe  SLs,  their  area  ,  and  the  number  el  persons  who  eould 
be  sheltered  in  their  own  SL  thus  determined,  the  weighted  distribution 
oi  movement  times  to  neighborhood  shelters  in  urbun  fringe  areas  is  found. 

The  distribution  of  movement  times  to  downtown  shelters  for  urban 
fringe  area  residents  is  constructed  by  continuing  the  distribution  oi 


*  Goodrich,  previously  cited. 


the  movement  of  central  city  residents  it  the  shelter  capacity  does  not 
terminate  the  distribution.  Tnat  is,  the  distribution  of  movement  times 
to  downtown  shelters  for  residents  of  central  cities  becomes  the  distri¬ 
bution  of  movement  times  to  downtown  shelters  for  urban  fringe  areas  when 
tile  residents  of  the  central  city  have  all  reached  shelter. 


Movement  Time  Distribution  for  Residents  of  N'onurbanized  Areas 


Or  about  123  million  shelter  spaces  that  had  been  identified  by  the 
National  Fallout  Shelter  Survey  by  January  1965,  almost  22  million  are 
located  outside  urbanized  areas.  To  describe  distributions  for  movement 
time  to  these  shelters,  it  is  assumed  that  all  of  these  spaces  are  located 
in  urban  places  as  defined  by  the  census.  In  general,  an  urban  place  is 
an  incorporated  or  unincorporated  community  with  a  population  in  excess 
oi  2,500  persons.  The  shelter  spaces  in  these  urban  places  outside  urban¬ 
ized  areas  are  also  considered  as  being  divided  into  downtown  and  neigh¬ 
borhood  shelters. 

The  movement  time  distribution  for  the  neighborhood  shelters  is  de¬ 
rived  from  a  model  city  with  a  population  and  population  density  equiva¬ 
lent  to  the  average  of  the  4,000  communities  falling  into  the  category 
of  urban  places  outside  urbanized  areas.  Using  the  techniques  for  esti¬ 
mating  the  movement  time  distribution  for  neighborhood  shelters  in  in  ban- 
lzed  areas,  the  average  service  area  is  computed.  Hie  population  of 
these  communities  is  determined  from  census  data,  and  the  land  area  com¬ 
puted  from  population  density  figures.  The  number  of  persons  sheltered 
in  their  own  standard  locations  in  these  communities  is  estimated  at 
11.5  million  for  areas  outside  SMSAs,  based  upon  some  intermediate  com¬ 
putations  prepared  in  conjunction  with  a  study  of  nationwide  expedient 
shelter,*  p'us  another  2,5  million  persons  who  are  located  in  SMSAs  but 
outside  urbanized  areas.  The  latter  group  was  left,  over  when  the  popu¬ 
lation  in  shelters  was  allocated  in  the  determination  oi  those  sheltered 
in  their  own  SL  in  urban  fi ingo  areas. 

The  remainder  oi  the  22  million  spaces  outside  urbanized  areas  arc- 
assigned  distribution  times  based  upon  a  distribution  for  movement  to 
downtown  shelter,  using  a  value  of  b  corresponding  to  a  pluce  with  a 
population  if  about  7 , 00C ,  the  average  fclKe  oi  places  in  this  discussion. 


*  Ernest.  C.  Harvey,  Preliminary  Evaluation  of  u  Nationwide  Expedient 
Shelter  Program,  Stuniord  Research  Institute,  Draft  Interim  Report t 
Docomber  1964. 
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Again,  the  movement  time  is  truncated  when  the  number  of  shelter  sp  cos 
is  equal  to  the  weighted  movement  time  distribution.  Movement  speed  is 
assumed  to  be  40  mph  in  nonurbanized  areas,  and  a  short  time  delay  is 
introduced  to  account  for  parking  and  terminal  congestion. 

Finally,  the  weighted  movement  time  distribution  for  nonurbanized 
areas  is  computed  by  adding  the  weighted  values  of  the  distributions  for 
neighborhood  and  downtown  shelter  tor  each  value  of  movement  time,  then 
dividing  the  resulting  weighted  distribution  by  the  number  of  persons 
residing  in  nonurbanized  areas. 

Movement  Time  Distributions  for  1970  Shelter  Posture 

3y  1970,  according  to  Census  Bureau  projections,*  the  population  ol 
the  United  States  will  be  about  210  million.  Of  these  210  million,  it 
is  estimated  by  SHI  that  about  70  million  will  live  in  the  central  cities 
of  urbanized  areas,  about  58  million  in  urban  fringe  areas,  and  about 
72  million  in  nonurbanized  areas.  This  projection  of  the  components  of 
the  national  population  has  been  made  by  extrapolating  the  trend  from  the 
1950  to  1960  censuses  to  a  i970  distribution.  This  rough  projection  may 
somewhat  overstate  the  growth  ox  the  central  city  areas,  which  individu¬ 
ally  have  shown  a  slowing  trend  of  growth.  However,  annexation  and  defi¬ 
nition  of  new  areas  as  urbanized  areas  will  contribute  to  the  projected 
increase . 

A  goal  of  civil  defense  is  to  provide  fallout  shelter  for  the  entire 
population.  It  has  been  estimated'*'  that  240  million  shelter  spaces  will 
be  required  to  shelter  this  19 ?0  population  of  210  million  persons  in 
botli  the  daytime  and  nighttime  population  distributions.  These  240  mil¬ 
lion  spaces  will  be  so  distributed  that  residents  of  urbanized  areas  will 
be  able  to  travel  to  shelter  in  less  than  45  minutes  and  residents  of  non 
urbanized  areas  will  be  able  to  travel  to  shelter  in  less  than  75  minute.' 

The  description  of  a  projected  set  of  distributions  for  the  movement 
oi  tie  1970  population  to  the  shelters,  so  located  as  to  meet  the  goals 
of  the  fallout  shelter  program,  is  given  below. 


Jacob  S.  Siegel,  Meyer  Zittner,  and  Lk  'aid  S.  Akers,  "Projections  of 
the  Population  of  the  United  States  by  Age  and  Sex:  1964  to  1985 
Current  Population  Reports,  Population  Estimates,  Series  P-25,  No.  286 
July  1964. 

Fallout  Shelter  Effectiveness,  The  U.S.  Civil  Defense  Program,  Depart¬ 


ment  of  Defense,  Office  of  Civil  Defense,  July  1SCJ. 


Movement  Time  Distribution  for  llesidenLs  of  Central  Cities 

Iron  the  movement  time  distributions  developed  lor  the  existing 
shelter  posture,  36.8  million  persons  already  have  movement  times  less 
than  45  minutes.  Assuming  that  these  same  shelter  spaces  will  still  be 
used  lu  1970,  an  additional  33.2  million  upaceo  need  to  be  added  to  the 
shelter  inventory  in  central  cities  to  shelter  the  projected  resident 
population.  Movement  times  to  these  additional  shelters  will  have  the 
same  distribution  as  the  movement  time  to  neighborhood  shelters  in  the 
existing  shelter  posture.  Use  ol'  this  same  distribution  assures  that  the 
movement  times  will  be  within  the  goal  ol  being  accessible  within  45  min¬ 
utes,  and  will  also  allow  for  the  fact  that  the  sizes  of  shelters  and 
shelter  complexes  will  be  about  the  same  in  1970  as  today. 


Movement  Time  Distribution  for  Residents  of  Urban  Fringe  Areas 

In  the  existing  shelter  posture,  about  6.5  million  persons  in  urban 
fringe  areas  are  able  to  reach  shelter  with  movement  times  less  than 
45  minutes.  All  but  a  hundred  thousand  of  these-  are  sheltered  in  neigh¬ 
borhood  shelters.  Although  some  of  these  6.5  million  spaces  will  be  lost 
to  central  city  areas  by  annexation  and  redei inition ,  others  will  be 
gained  from  annexations  and  redefinition  of  nonurbanized  areas  into  urban¬ 
ized  areas.  The  net  result  will  be  about  the  same  number  of  usable  spaces 
in  the  urban  fringe  areas.  An  additional  61.5  million  spaces  must  there¬ 
fore  be  provided  to  shelter  the  1970  urban  fringe  area  population.  Again, 
the  distribution  of  movement  times  to  these  additional  spaces  will  be  the 
same  as  that  to  the  existing  neighborhood  shelter  spaces  in  these  urban 
fringe  areas. 


Movement  Time  Distribution  for  Residents  of  Nonurbanized  Areas 


In  the  existing  shelter  posture,  about  22  million  shelter  spaces  are 
available  for  the  residents  of  nouui buuized  areas.  These  are  all  assumed 
to  be  located  in  urban  places  In  the  nonurbanized  areas.  Some  of  these 
shelter  spaces  will  be  transferred  to  central  city  and  urban  fringe  areas 
through  annexation  and  redefinition  of  areas,  but  it  is  assumed  that  new 
shelters  will  have  the  same  characteristics  as  those  transferred.  The 
1970  population  of  these  urban  places  in  nonurbanized  areas  is  projected 
at  29  million  using  the  same  rough  projection  technique  as  was  used  to 
find  the  distribution  of  the  population  between  urbanized  and  nonurban¬ 
ized  areas.  The  distribution  of  movement  times  to  the  additional  shel¬ 
ters  required  to  complete  the  sheltering  of  these  29  mill  ion  persons  will 
be  the  same  as  that  to  the  existing  shelters  in  these  urban  places  in 
nonurbanized  areas. 
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The  remaining  43  million  persons  in  the  1970  nonur banized  population 
will  live  in  rural  area s.  These  areas  will  have  miicl  lower  population 
densities  and  longer  travel  times  than  the  urban  plates.  This  lower  den¬ 
sity  and  longer  travel  time  require  that  a  new  distribution  oi  movement 
time  be  eons t.rueted  i<  r  residents  of  rural  areas.  To  construct  this  move¬ 
ment  time  distribution ,  It  has  been  assumed  that  shelter  service  areas 
have  been  laid  out  in  such  a  way  that  tbs  maximum  travel  time  to  the  shel¬ 
ter  is  no  greater  than  75  minutes.  In  allowing  Tor  this  75-minute  travel 
time,  it  is  assumed  that  automobiles  will  be  usea  to  travel  to  the  shelter. 

It  will  not  be  possible  to  drive  to  the  door  of  the  shelter  because  of  the 
large  number  of  automobiles  that  will  l>e  used,  the  limited  number  of  ac¬ 
cess  roads,  and  limited  parking  facilities.  The  line  of  parked  cars  and 
parking  delays  will  be  such  that  the  last  30  minutes  of  the  journey  to 
shelter  will  be  covered  by  walking  at  three  miles  per  hour.  It  has  also 
beer,  assumed  that  the  population  density  cf  the  service  areas  thus  delineu 
Is  constant,  although  not  the  same  for  all  service  areas. 

The  final  distribution  of  movement  times  for  residents  oi  nonurban- 
lzed  areas  in  1970  is  obtained  by  weighting  the  distribution  of  movement 
times  derived  for  the  residents  of  urban  places  in  these  nonurbanized 
areas  by  the  projected  populations  of  these  areas  and  adding  the  weighted 
distribution  to  a  distribution  for  rural  residents  similarly  weighted  by 
the  rural  populaion,  and  dividing  the  sum  by  the  total  projected  popula¬ 
tion  for  nonurbanized  areas. 


Distribution  of  Time  Required  to  l.caci.  Shelter  after  Alert  Signal  Sounds 

Finally,  the  movement  time  distributions  developed  above ,  and  the 
starting  time  distributions  developed  in  All  are  combined  to  form  a  dis¬ 
tribution  of  the  times  required  to  reach  shelter.  This  distribution  oi 
times  to  reach  shelter  is  the  traction  oi  the  population  in  shelter  as 
a  function  of  the  time  after  aleit  signal  sounds.  The  process  of  combin¬ 
ing  the  starting  time  and  the  movement  time  distributions  is  exactly  the 
same  as  that  used  to  combine  the  ale  t  verification  time  distributions 
and  the  movement  preparation  time  distributions  to  ootain  the  starting 
time  distributions.  The  combination  of  starting  times  and  movement  times 
has  been  carried  cut  for  each  of  the  four  starting  time  distributions 
asoociated  with  the  four  warning  modes,  and  for  the  two  movement  time 
distributions  associated  with  the  two  shelter  postures  considered.  The 
result  of  these  combinations  is  the  eight  curves  shown  in  Figures  1-8. 
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FIGURE  9 

WORKSHEET  FOR  EVALUATING  WARNING  SYSTEM  EFFECTIVENESS 


PA  HI'  I.  WARNING  SYSTEU  ENVIRONMENT 


A.  Tine  ara _ _ —  _ _ 

B-  Fallout  arrival  time  computations 

1.  Time  from  detection  of  attack  to  impact  oi  weapons 

2.  T*roe  from  detection  of  attack  to  initiation  of 
warning  .signal  (decision  to  warn  time) 

3.  Remaining  time  from  decision  to  impact 
(line  1  minus  line  2) 


4.  Time  from  impact  to  fallout 
arrival 

5.  Time  from  decision  to  fallout 
arrival 

( line  3  plu*  line  4) 
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PART  II.  WARNING  SYSTEM  EVALUATION  SUMMARY 

(See  following  sheen  for  detailed  e«>Uation  of  warning 
tyiiea  node*.  Listed  below  le  «  luasiry  of  the  evaluation.  ) 


FRACTION  OF  POPULATION 

WARNING  SYSTEM  MOUf.  IN  SHELTER  WHO  WERE 

WARNED  BY  EACH  MODE 


A.  Radio  Warning 

B.  Indoor  Alerting 


D.  No  alerting 

E.  Total  population  in  alic-lter 
resulting  from  this  warning 
system  configuration 

l sum  of  fractions  from  lines  A,  B,  C.  and  D  above) 


FIGURi'  9  (Continued) 


PART  III.  DETAIL  OF  WARNING  SYSTEM  EVALUATION 


P.a,‘,io  Warning  Mode 


1.  Time  from  decision  to  fallout  arrival  (from  Part  IB, 
line  5 ) 

2.  System  response  time  (time  from  decision  to  wsrn  to 
beginning  of  alert  signal) 

3-  Time  remaining  to  reach  shelter  (line  1  less  line  2) 

4.  fraction  of  radio  warned  population  in  shelter  before 
fallout  arrival.  (Use  radio  warning  chart  for  appro¬ 
priate  time  era.  Enter  chart  with  time  from  3  above, 
read  lractton  from  chart) 

5.  Radio  warning  coverage  (fraction  of  populations 
covered  by  signal  and  receiver  distribution,  multi¬ 
plied  by  reliability,  oy  area) 

6.  f  rac  t  ion  of  area  population  sin  shelter  as  a  reaultof  the 
stimulus  irom  radio  warning  time  0  tines  line  4) 

7.  fraction  of  US.  population  residing  to  each  aria 

Existing 

1970 

Other 

(Cross  out  inapplicable  line) 

0.  fraction  of  U.S.  population  in  shelter  in  each  area  as 
a  result  of  radio  we  mi  ng  st  imulus  ( 1  ine  7  l  imea  line  6) 

9.  fraction  of  U.3  population  in  shelter  due  to  radio 
warning  (sum  of  line  8.  columns  a,  b,  and  c) 

Indoor  Alerting  Mode 


Time  from  decision  to  fallout  arrival  (from  Part !B, 
line  5) 

System  response  tine  (time  from  decision  to  warn  to 
beg-nning  of  alert  signal) 

Time  remaining  to  reach  shelter  (line  1  less  line  2) 

Fraction  of  i ndoor • alerted  populations  in  shelter 
befn.-e  fs-'oet  arrival .  "dae  indoor  «!ertjr.-  chart 
•Oi  app- jpriaie  time  era.  Enter  chart  with  time 
from  3  above,  read  fraction  f:om  chart.) 

Indoor  alerting  coverage  (fraction  of  populations 
covered  by  signal  and  receiver  distribution,  multi¬ 
plied  by  reliability  by  area) 

reaction  of  area  populations  ir.  shelter  as  a  result 
of  the  stimulus  from  indoor  alerting  (line  5  times 
line  4) 

Fraction  of  U.S.  population  residing  in  each  area 
Existing 
1970 

(Xher 

(Cross  out  inapplicable  line) 

fraction  oi  U.S.  population  in  shelter  in  each  area 
oa  a  result  of  indoor  alerting  stimulus  (line  7 
timea  1 ine  6) 

Fr»r».«.;  of  U.S.  population  in  shelter  dut  to  in¬ 
door  alerting  (sum  of  lino  8,  columns  a,  b,  and  c) 
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FIG',ftE  9  (Concluded) 


C.  Siren  Alerting  Mode 


Time  frcn  decision  to  fallout  arrival  ( frtjn  Part  IB.  line  5) 

System  response  time  (time  from  decision  to  warn  to 
beginning  of  energrrcy  announcements) 

Time  remaining  to  reach  shelter  (linol  less  line  2) 

Fiatiion  oi  population  warned  by  the  Mo  Alert  ing  Mode, 
ir.  shelter  before  ful  lout  arrival  time.  (Use  charts 
for  no  alerting  mode  in  appropriate  time  era.  Enter 
chart  with  time  from  3.  above,  reed  fraction  from 
curves) 

Fraction  of  populations  not  covered  by  other  warning 
modes,  by  crea 

Fraction  of  area  populations  in  shelter  who  did  not 
receive  alerting  stimulus  (line  5  times  line  4) 

Fraction  of  U.S-  population  residing  in  each  area 
Existing 
1970 

Other 

(Cross  out  inapplicable  line) 

Fraction  of  U.S.  population  in  shelter  in  each  area 
ns  a  result  of  stimulus  (line  7  litres  line  6) 
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warned  by  the  No  Alerting  Mode  (sum  of  line  8, 
columns  a,  b,  and  r) 


COLUMN  • 
CENTRAL  CITY 
AREAS 


1.  Time  from  decision  to  fallout  arrival  (from  Rart  18,  line  5) 

2.  Svatcm  response  time  (t*me  from  decision  to  warn  to 
beginning  of  alert  signal) 

3.  Tine  remain ing  to  reach  shelter  ( line!  leas  line  2) 

4.  Siren  Effectiveness  Group  (see  chart  below) 


Public 

Readiness 

5.  Fraction  of  si ren-a ierted  populations  in  shelter  be¬ 
fore  fa  1  lout  am  va  1  (select  siren  alert  ins  chart  for 
proper  time  era,  enter  chart  with  time  from  3,  above, 
determine  fraction  corresponding  to  siren  effec¬ 
tiveness  group) 
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9.  Fraction  of  U.  S.  population  in  she  1  ter  in  each  area  as 

h  cesui  t of  siren  alerting  stimulus  ( line  8  times  line  7  ) 

10.  Fraction  of  U.S.  population  in  shelter  due  to  siren 
alerting  (sum  of  line  9,  columns  a.  b.  and  c) 

D.  No  Alerting  Mode 
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***  CONTRACT  OR  GRANT  NUMBER:  K  appropriate,  enter 
U»e  *.j>pJ it  able  number  of  the  contract  or  grant  undrt  which 
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imposed  by  security  <  1  a* sUliat ior«.  using  standard  statements 

■  uch  as 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
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